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(54) Title: CORYNEFORM BACTERIA WHICH PRODUCE CHEMICAL COMPOUNDS I 



(57) Abstract: The invention relates to coryneform bacteria which have, in addition to at least one copy, present at the natural site 
(locus), of an open reading frame (ORE), gene or allele which codes for the synthesis of a protein or an RNA, in each case a second, 
optionally third or fourth copy of this open reading frame (ORF), gene or allele at in each case a second, optionally third or fourth 
site in a form integrated into the chromosome and processes for the preparation of chemical compounds by fermentation of these 
bacteria. 
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Corynef ozm Bacteria which Produce. Chemical Compounds I 

Prior Art 

* 

Chemical compounds, which means, in particular, L-amino 
acids, vitamins, nucleosides and nucleotides and D-amino 
5 acids, are used in human medicine, in the pharmaceuticals 
industry, in cosmetics, in the foodstuffs industry and in 
animal nutrition. 

Numerous , of these confounds are prepared by f eonnentation 
from strains of corynef orm bacteria, in particular 

10 Corynebacterium glutamicxam. Because of their great 

importance, work is constantly being undertaken to improve 
the preparation processes. Improvements to the process can 
relate to fermentation measures, such as, for example, 
stirring and supply of oxygen, or the composition of the 

15 nutrient media, such as, for example, the sugar 

concentration during the fermentation, or the working up to 
the product form by, for example, ion exchange 
chromatography, or the intrinsic output properties of the 
microorganism itself. 

20 Methods of mutagenesis, selection and mutant selection are 
used to improve the output properties of these 
microorganisms. Strains, which are resistant to 
antimetabolites or are auxotrophic for metabolites of 
regulatory importance and which produce the particular 

25 compounds are obtained in this manner. 

Methods of the recombinant DNA technique have also been 
employed for some years for improving the strain of 
Corynebacteriiun strains, by amplifying individual 
biosynthesis genes and investigating the effect on 
30 production. 

A common method comprises amplification of certain 
biosynthesis genes in the particular microorganism by means 
of episomally replicating plasmids. This procedure has the 
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disadvantage that during the fermentation, which in 
industrial processes is in general associated with nvunerous 
generations, the plasmids are lost spontaneously 
(segregational instability) . 

5 Another method comprises duplicating certain biosynthesis 
genes by means of plasmids which do not replicate in the 
particular microorganism. In this method, the plasmid, 
including the cloned biosynthesis gene, is integrated into 
the chromosomal biosynthesis gene of the microorganism 

10 (Reinscheid et al.. Applied and Environmental Microbiology 
60(1), 126-132 (1994); Jetten etal., implied Microbiology 
and Biotechnology 43(l):76-82 (1995)). A disadvantage of 
this method is that the nucleotide sequences of the plasmid 
and of the antibiotic resistance gene necessary for the 

15 selection remain in the microorganism. This is a 

disadvantage, for example, for the disposal and utilization 
of the biomass. Moreover, the expert expects such strains 
to be unstable as a result of disintegration by "Campbell 
type cross over" in a corresponding niamber of generations 

20 such as are usual in industrial fermentations. 

Object of the Invention 

The inventors had the object of providing new measures for 
improved fermentative preparation chemical compounds using 
coryneform bacteria. 

25 Summary of the Invention 

Coryneform bacteria which produce chemical compounds, 
characterised in that these have, in addition to at least 
one copy, present at the natural site (locus), of an open 
reading frame (ORF) , gene or allele which codes for the 
30 synthesis of a protein or an RNA, a second, optionally 

third or fourth copy of the open reading frame (ORF) , gene 
or allele in question at a second, optionally third or 
fourth site in a form integrated into the chromosome, no 
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nucleotide sequence which is capable of/enables episomal 
replication or transposition in microorganisms and no 
nucleotide sequence (s) which impart (s) resistance to 
antibiotics being present at the second, optionally third 
or fourth site, and the second, optionally third or fourth 
site not relating to open reading frames (ORF) , genes or 
alleles which are essential for the growth of the bacteria 
and the production of the desired compound. 

The invention also provides processes for the preparation 
of one or more chemical compounds, in which the following 
steps are carried out: 

a) fermentation of coryneform bacteria, 

al) which have, in addition to at least one copy, 

present at the natural site (locus) , of an open 
reading frame (ORF) , gene or allele which codes 
for the synthesis of a protein or an RNA, a 
second, optionally third or fourth copy of this 
open reading frame (ORF) , gene or allele at a 
second, optionally third pr_ fourth site^in a, form 
integrated into the chromosome, no nucleotide 
sequence which is capable of /enables episomal 
replication or transposition in microorganisms 
and no nucleotide sequence (s) which impart (s) 
resistance to antibiotics being present at the 
second, optionally third or fourth site, and the 
second, optionally third or fourth site not 
relating to open reading frames (ORF) , genes or 
alleles which are essential for the growth of the 
bacteria and the production of the desired 
compound, and 

a2) in which the intracellular activity of the 

corresponding protein is increased, in particular 

the nucleotide sequence which codes for this 
protein is over -expressed. 
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b) 



concentration of the chemical compoiind { s ) in the 
fermentation broth and/or in the cells of the 
bacteria, 



c) 



isolation of the chemical compoxmd ( s ) , optionally 



d) 



with constituents from the fermentation broth 
and/ or the biomass to the extent of > (greater 
than) 0 to 100 wt.%. 



The invention also pr.ovides processes for the preparation 
of one or more chemical compounds, which comprise the 
following steps: 

a) fermentation of corYneform bacteria, in particular of 
the genus Corynebacterium, which have, in addition to 
the copy of an open reading frame (ORF) , gene or 
allele present at the natural site (locus) , in each 
case a second, optionally third or fourth copy of the 
open reading frame (ORF) , gene or allele in question 
at in each case a second, optionally third or fourth 
site in integrated form, no nucleotide secjuence which 
is capable of /enables episomal replication in 
microorganisms, no nucleotide sequence which is 
capable of /enables transposition and no nucleotide 
sequence which imparts resistance to antibiotics 
being present at the particular second, optionally 
third or fourth site, 

under conditions which allow expression of the said 

« 

open reading frames (ORF) , genes or alleles 

b) concentration of the chemical compound (s) in the 
fermentation broth and/or in the cells of the 
bacteria , 



c) isolation of the chemical compoimd(s) , optionally 
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d) with constituents from the fermentation broth and/or 
the biomass to the extent of > (greater than) 0 to 
100%. 

Detailed Description of the Invention 

Chemical compounds are to be understood, in particular, as 
meaning amino acids, vitamins, nucleosides and nucleotides. 
The biosynthesis pathways of these compounds are known and 
are available in the prior art. 

Amino acids mean, preferably, L-amino acids, in particular 
the proteinogenic L~amino acids, chosen from the group 
consisting of L--aspartic acid, L-asparagine, L-threonine, 
L-serine, L-glutamic acid, L-glutamine, glycine, L-alanine, 
L-cysteine, L-valine, L-methionine, L-^isoleucine, L- 
leucine, L-tyrosine, L-phenylalanine, L-histidine, L- 
lysine, L- tryptophan, L-proline and L-arginine and salts 
thereof, in particular L-lysine, L-methionine and L- 
threonine, L-Lysine is very particularly preferred. 

Proteinogenic amino acids are xmderstood- as meaning the 
amino acids which occur in natural proteins, that is to say 
in proteins of microorganisms, plants, animals and humans. 

Vitamins mean, in particular, vitamin Bl (thiamine), 
vitamin B2 (riboflavin) , vitamin 35 (pantothenic acid) , 
vitamin B6 (pyridoxines) , vitamin B12 (cyanocobalamin) , 
nicotinic acid/nicotinamide, vitamin M (folic acid) and 
vitamin E (tocopherol) and salts thereof, pantothenic acid 
being preferred. 

■ 

Nucleosides and nucleotides mean, inter alia, S-adenosyl- 
methionine, inosine-5 ' -monophosphoric acid and guanosine- 
5 • -monophosphoric acid and salts thereof. 

The coryneform bacteria are, in particular, those of the 
genus Corynebacteritam. of the genus Corynebacterium, the 
species Corynebacterium glutamicum, Corynebacterium 
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anmioniagenes and Corynebacterium thermoaminogenes are 
preferred. Information on the taxonomic classification of 
strains of this group of bacteria is to be found, inter 
alia, in KSmpfer and Kroppenstedt (Canadian Journal of 
5 Microbiology 42, 989-1005 (1996)) and in US-A-5,250, 434 . 

Suitable strains of the species Corynebacterium glutamicxam 
(C. glutamicum) are, in particular, the known wild- type 
strains 

Corynebacteritim glutamicum ATCC13032 
Corynebacterium acetoglutamicxim ATCC15806 
Corynebacterium acetoacidophilum ATCC13870 
Corynebacterium lilium ATCC15990 
Corynebacterium melassecola ATCC17955 
Corynebacterium herculis ATCC13868 
Arthrobacter sp. ATCC243 
Brevibacterium chang-fua ATCC14017 
Brevibacterium flavum ATCC14067 
Brevibacterium lactofermentum ATCC13869 
Brevibacterium divaricatum ATCC14020 
Brevibacterium taipei ATCC13744 and 
Microbacterium ammoniaphiluum ATCC21645 

and mutants or strains, such as are known from the prior 
art , produced therefrom which produce chemical compounds . 

Suitable strains of the species Corynebacterium 
25 ammoniagenes (C. ammoniagenes) are, in particular, the 
known wild- type strains 

Brevibacterium ammoniagenes ATCC6871 
Brevibacterium ammoniagenes ATCC15137 and 
Corynebacterium sp. ATCC21084 

30 and mutants or strains, such as are known from the prior v 
art, produced therefrom which produce chemical coinpounds. 



10 



15 



20 
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Suitable strains of the species Corynebacteriiam 
thermoaitiinogenes (C. thermoaminogenes ) are, in particular, 
the known wild- type strains 

Corynebacterium thermoaminogenes PERM BP-1539 
Corynebacteritim thermoaminogenes FERM BP- 1540 
Corynebacterium thermoaminogenes FERM BP-1541 and 
Corynebacterium thermoaminogenes FERM BP-1542 

and mutants or strains, such as are known from the prior 
art, produced therefrom which produce chemical compounds. 

Strains with the designation "ATCC" can be obtained from 
the American Type Culture Collection (Manassas, VA, USA) . 
Strains with the designation "FERM" can be obtained from 
the National Institute of Advanced Industrial Science and 
Technology (AIST Tsukuba Central 6, 1-1-1 Higashi, Tsukuba 
Ibaraki, Japan). The strains of Corynebacterium 
thermoaminogenes mentioned (FERM BP-1539, FERM BP-1540, 
FERM BP-1541 and FERM BP-1542) are described in US-A 
5,250,434. 

Open reading frame (ORF) describes a section of a 
nucleotide sequence which codes or can code for a protein 
or polypeptide or ribonucleic acid to which no function can 
be assigned according to the prior art. 

After assignment of a function to the nucleotide sequence 
section in question, it is in general referred to as a 
gene. 

Alleles are in general understood as meaning alternative 
forms of a given gene. The forms are distinguished by 
differences in the nucleotide sequence. 

In the context of the present invention, endogenous, that 
is to say species-characteristic, open reading frames, 
genes or alleles are preferably used. These are understood 
as meaning the open reading frames, genes or alleles or 
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nucleotide sequences thereof present in the population of a 
species, such as, for example, Corynebacterixim glutamicxjm. 

"A copy of an open reading frame (ORF) , a gene or allele 
present at the natural site (locus)" in the context of this 
5 invention is understood as meaning the position or 

situation of the ORF or gene or allele in relation to the 
adjacent ORFs or genes or alleles such as exists in the 
corresponding wild- type or corresponding parent organism or 
starting organism. 

10 Thus, for example, the natural site of the lysC gene or of 
an lysC^^^ allele, which codes for a "feed back" resistant 
aspartate kinase from Corynebacterium glutamicum is the 
lysC site or lysC locus or lysC gene site with the directly 
adjacent genes or open reading frames or fx and leuA on one 

15 flank and the asd gene on the other flank. 

"Feed back" resistant aspartate kinase is understood as 
meaning aspartate kinases which, compared with the wild- 
type form, have a lower sensitivity to inhibition by 
mixtures of lysine and threonine or mixtures of AEC 
20 (aminoethylcysteine) and threonine or lysine by itself or 
AEC by itself. Strains which produce L- lysine typically 
contain such "feed back" resistant or desensitized 
aspartate kinases. 

The nucleotide sequence of the chromosome of 
25 Corynebacterium glutamicum is known and can be found in 
Patent Application EP-A-1108790 and Access Number 
(Accession No.) AX114121 of the nucleotide sequence 
databank of the European Molecular Biologies Laboratories 
(EMBL, Heidelberg, Germany and Cambridge, UK) . The 
30 nucleotide sequences of orfX, the leuA gene and the asd 
gene have the Access Numbers AX120364 (orfX) , AX123517 
(leuA) and AX123519 (asd) . 
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Further databanks, such as, for example, that of the 
National Center for Biotechnology Information (NCBI, 
Bethesda, MD, USA) or that of the Swiss Institute of 
Bioinf ormatics (Swissprot, Geneva, Switzerland) or that of 
5 the Protein Information Resource Database (PIR, Washington, 
DC, USA) can also be used. 

"In each case a second, optionally third or fourth site" is 
understood as meaning a site which differs from the 
"natural site". It is also called a "target site" or 
"target sequence" in the following. It can also be called 
an "integration site" or "transformation site". This 
second, optionally third or fourth site, or the nucleotide 
secpience present at the corresponding sites, is preferably 
in the chromosome and is in general not essential for 
growth and for production of the desired chemical 
compoxinds . 

To produce the corynef orm bacteria according to the 
invention, the nucleotide sequence of the desired ORF, gene 
or allele, optionally including expression and/or 
20 regulation signals, is isolated and provided with 

nucleotide sequences of the target site at the ends, these 
are then transferred into the desired coryneform bacterium, 
preferably with the aid of vectors which do not replicate 
or replicate to only a limited extent in coryneform 
25 bacteria, and those bacteria in which the desired ORF, gene 
or allele is incorporated at the target site are isolated, 
no nucleotide sequence which is capable of /enables episomal 
replication in microorgcoiisms, no nucleotide sequence which 
is capable of /enables transposition and no nucleotide 
30 sequence which imparts resistance to antibiotics remaining 
at the target site. 

The invention accordingly also provides a process for the 
production of corynefom bacteria which produce one or more 
chemical compounds, which comprises 
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a) isolating the nucleotide sequence of at least one 
desired ORF, gene or allele, optionally including the 
e^^ression and/ or regulation signals, 

b) providing the 5' and the 3* end of the ORF, gene or 
allele with nucleotide sequences of the target site, 

c) preferably incorporating the nucleotide sequence of 
the desired ORF, gene or allele provided with 
nucleotide sequences of the target site into a vector 
which does not replicate or replicates to only a 
limited extent in coiryneform bacteria, 

d) transferring the nucleotide sequence according to b) 
or c) into coryneform bacteria, and 

e) isolating coryneform bacteria in which the nucleotide 
sequence according to a) is incorporated at the 
target site, no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which 
imparts resistance to antibiotics remaining at the 
target site. 

Preferably, also, no residues of sequences of the vectors 
used or species -foreign DNA, such as, for example, 
restriction cleavage sites, remain at the target site, A 
maximxim of 24, preferably a maximum of 12, particularly 
25 preferably a maximum of 6 nucleotides of such DNA upstream 
or downstream of the ORF, gene or allele incorporated 
optionally remain at the target site. 

By the measures according to the invention, the 
productivity of the coryneform bacteria or of the 
30 fermentative processes for the preparation of chemical 
compounds is improved in respect of one or more of the 
features chosen from the group consisting of concentration 
(chemical compound formed, based on the unit voliame) , yield 
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(chemical compound formed, based on the source of carbon 
consiamed) and product formation rate (chemical compotmd 
formed, based on the time) by at least 0.5 - 1.0% or at 
least 1.0 to 1.5% or at least 1.5 - 2.0%. 

5 Instructions on conventional genetic engineering methods, 
such as, for example, isolation of chromosomal DNA, plasmid 
DNA, handling of restriction enzymes etc., are found in 
Sambrook et al. (Molecular Cloning - A Laboratory Manual 

(1989) Cold Spring Harbor Laboratory Press). Instructions 
10 on transformation and conjugation in coryneform bacteria 

are found, inter alia, in Thierbach et al. (Applied 
Microbiology and Biotechnology 29, 356-362 (1988)), in 
Schafer et al. (Journal of Bacteriology 172, 1663-1666 

(1990) and Gene 145, 69-73 (1994)) and in Schwarzer and 
15 Piihler (Bio /Technology 9, 84-87 (1991)). 

Vectors which replicate to only a limited extent are 
understood as meaning plasmid vectors which, as a fianction 
of the conditions under which the host or carrier is 
cultured, replicate or do not replicate. Thus, a 
20 temperature-sensitive plasmid for coryneform bacteria which 
can replicate only at temperatures below 31 ®C has been 
described by Nakamura et al. {US-A-6,303,383) . 

The invention furthermore provides coryneform bacteria, in 
particular of the genus Corynebacteriiam, which produce L- 

25 lysine, characterized in that these have, in addition to at 
least one of the copy of an open reading frame (ORF) , gene 
or allele of lysine production present at the natural site 
(locus) , in each case a second, optionally third or fourth 
copy of the open reading frame (ORF) , gene or allele in 

30 question at in each case a second, optionally third or 
fourth site in integrated form, no nucleotide sequence 
which is capable of/enables episomal replication in 
microorganisms, no nucleotide sequence which is capable 
of /enables transposition and no nucleotide sequence which 
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imparts resistance to antibiotics being present at the 
particular second, optionally third or fourth site. 

The invention also furthermore provides a process for the 
preparation of L- lysine, which comprises the following 
5 steps: 

a) fermentation of coryneform bacteria, in particular 
Corynebacterium glutamicum, characterized in that 
these have, in addition to at least one of the copy 
of an open reading frame (ORF) , gene or allele of 

10 lysine production present at the natural site 

(locus), in each case a second, optionally third or 
fourth copy of the open reading frame (ORF) , gene or 
allele in question at in each case a second, 
optionally third or fourth site in integrated form, 

15 no nucleotide sequence which is capable of /enables 

episomal replication in microorganisms, no nucleotide 
sequence which is capable of /enables transposition 
and no nucleotide sequence which imparts resistance 
to antibiotics being present at the particular 

20 second, optionally third or fourth site, 

under conditions which allow expression of the said 
open reading frames (ORF), genes or alleles, 

b) concentration of the L-lysine in the fermentation 
25 broth, 

c) isolation of the L- lysine from the fermentation 
broth, optionally 

d) with constituents from the fermentation broth and/or 
the biomass to the extent of > (greater than) 0 to 

30 100%. 

A "copy of an open reading frame (ORF) , gene or allele of 
lysine production" is to be understood as meaning all the, 
preferably endogenous, open reading frames, genes or 
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alleles of which enhanceinent/over-expression can have the 
effect of improving lysine production. Enhancement is 
understood as meaning an increase in the intracellular 
concentration or activity of the particular gene product, 
5 protein or enzyme. 

These include, inter alia, the following open reading 
frames, genes or alleles: accBC, accDA, cstA, cysD, cysE, 
cysH, cysK, cysN, cysQ, dapA, dapB, dapC, dapD, dapE, dapF, 
ddh, dps, eno, gap, gap2, gdh, gnd, lysC, lysC^^, lysE, 
10 msiK, opcA, oxyR, ppc, ppc^^, pgk, pknA, pknB, pknD, pknG, 
ppsA, ptsH, ptsi, ptsM, pyc, pyc P458S, sigC, sigD, sigE, 
sigH, sigM, tal, thyA, tkt, tpi, zwal, zwf and zwf A213T. 
These are summarized and e:q)lained in Table 1. 

These include, in particular, the lysC™ alleles which code 
15 for a "feed back" resistant aspartate kinase. Various 
lysC^^ alleles are summarized and explained in Table 2. 

The following lysC^®^ alleles are preferred: lysC A279T 
(replacement of alanine at position 279 of the aspartate 
kinase protein coded, according to SEQ ID NO: 2, by 

20 threonine) , lysC A279V (replacement of alanine at position 
279 of the aspartate kinase protein coded, according to SEQ 
ID NO: 2, by valine), lysC S301F (replacement of serine at 
position 301 of the aspartate kinase protein coded, 
according to SEQ ID NO: 2, by phenylalanine), lysC T308I 

25 (replacement of threonine at position 308 of the aspartate 
kinase protein coded, according to SEQ ID NO: 2, by 
isoleucine) , lysC S301Y (replacement of serine at position 
308 of the aspartate kinase protein coded, according to SEQ 
ID NO: 2, by tyrosine), lysC G345D (replacement of glycine 

30 at position 345 of the aspartate kinase protein coded, 

according to SEQ ID NO: 2, by aspartic acid), lysC R320G 
(replacement of arginine at position 320 of the aspartate 
kinase protein coded, according to SEQ ID NO: 2, by 
glycine) , lysC T311I (replacement of threonine at position 

35 311 of the aspartate kinase protein coded, according to SEQ 
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ID NO: 2, by isoleucine) , lysC S381F (replacement of serine 
at position 381 of the aspartate kinase protein coded, 
according to SEQ ID NO : 2, by phenylalanine ) . 

The lysC^^ allele lysC T311I (replacement of threonine at 
5 position 311 of the aspartate kinase protein coded, 

according to SEQ ID NO: 2, by isoleucine) , the nucleotide 
sequence of which is shown as SEQ ID NO: 3, is particularly 
preferred; the amino acid sequence of the aspartate kinase 
protein coded is shown as SEQ ID NO: 4. 

10 The second, optionally third or fourth copy of the open 

reading frame (ORF) , gene or allele of lysine production in 
question can be integrated at in each case a second, 
optionally third or fourth site. The following open reading 
frames, genes or nucleotide sequences, inter alia, can be 

15 used for this: aecD, ccpAl, ccpA2, citA, citB, citE, fda, 
glioA, gluB, gluC, gluD, luxR, luxS, lysRl, lysR2, lysR3, 
menE, mqo, pck, pgi, poxB and zwa2, in particular the genes 
aecD, gluA, gluB, gluC, gluD and pck. These are summarized 
and explained in Table 3 • 

20 The sites mentioned include, of course, not only the coding 
regions of the open reading frames or genes mentioned, but 
also the regions or nucleotide sequences lying upstream 
which are responsible for expression and regulation, such 
as, for example, ribosome binding sites, promoters, binding 

25 sites for regulatory proteins, binding sites for regulatory 
ribonucleic acids and attenuators. These regions in general 
lie in a range of 1-800, 1-600, 1-400, 1-200, 1-100 or 1-50 
nucleotides upstream of the coding region. In the same way, 
regions lying downstream, such as, for example, 

30 transcription terminators, are also included. These regions 
in general lie in a range of 1-400, 1-200, 1-100, 1-50 or 
1-25 nucleotides downstream of the coding region. • 

Intergenic regions in the chromosome, that is to say 
nucleotide sequences without a coding . function, can 
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furthermore be used. Finally, prophages or defective phages 
contained in the chromosome can be used for this, 

A prophage is understood as meaning a bacteriophage, in 
particular the genome thereof, where this is replicated 
5 together with the genome of the host and the formation of 
infectious particles does not take place. A defective phage 
is understood as meaning a prophage, in particular the 
genome thereof, which, as a result of various mutations, 
has lost the ability to form so-called infectious 

10 particles. Defective phages are also called cryptic. 
Prophages and defective phages are often present in 
integrated form in the chromosome of their host. Further 
details exist in the prior art, for example in the textbook 
by Edward A. Birge (Bacterial and Bacteriophage Genetics, 

15 3'''^ ed., Springer-Verlag, New York, USA, 1994) or in the 

textbook by S. Klaus et al. (Bakterienviren, Gustav Fischer 
Verlag, Jena, Germany, 1992) . 
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Table 1 



Open reading frames, genes and alleles of lysine production 



Name 


Description of the coded enzyme or 


Reference 


Access 
KFiiinber 


accBC 


Acyl-CoA Carboxylase 

EC 6.3.4.14 

(acyl-CoA carboxylase) 


Jager et al. 
Archives of 
Microbiology 

\X7l70/ XDO. fv 

82 

EP1108790; 

wool OOROB 


U35023 

AX123524 
AX066441 


accDA 


Acetyl-CoA Carboxylase 
EC 6.4.1.2 

(acetyl-CoA carboxylase) 


EP1055725 
EP1108790 
WO0100805 


AX121013 
AXQ66443 




caroon starvacxon procexn a 
(caxbon starvation protein A) 


WO0100804 


AAX A uOXX 

AX066109 


cysD 


Sulfate Adenylyl transferase 
suD-unit XX 
EC 2.7.7.4 

(sulfate adenylyl transferase small 

• 

chain) 


EP1108790 


AX123177 


cysE 


Serine Acetyltransf erase 
EC 2.3.1.30 

(serine acetyxtransr erase; 


CiJrXXUO f 7U 

WO0100843 


AX063961 


cysH 


3 • -Phosphoadenyl Sulfate Reductase 
EC 1.8.99.4 

(3 • -phosphoadenosine 5 ' - 

phosphosulf ate reductase) 


EP1108790 
WO0100842 


AX123178 
AX066a01 


cysK 


Cysteine Synthase 
EC 4.2.99.8 
(cysteine synthase) 


EP1108790 
WO0100843 


AX122901 
AX063963 


cysN 


Sulfate Adenylyltransferase sub- 
unit I 
EC 2.7.7.4 

(sulfate adenylyltransferase) 


EP1108790 


AX123176 
AX127152 


cysQ 


Transport Protein CysQ 
(transporter cysQ) 


EP1108790 
WO0100805 


AX127145 
AX066423 


aapA 


UxXljf dx OUXpiCOxXXlaL.6 Oj'lit.liabC \ 

EC 4.2.1.52 

(dihydrodipicolinate synthase) 


al . Nucleic 

Acids Research 

18:6421 (1990) 

Pisabarro et 

al . / Journal of 

Bacteriology 

175:2743- 

2749(1993) 

EP1108790 

V9O0100805 

EP0435132 

EP1067192 

EP1067193 


XS3993 

Z21502 

AX123560 
AX063773 


dapB 


Dihydrodipicolinate Reductase 
EC 1.3.1.26 

(dihydrodipicolinate reductase) 


EP1108790 
WO0100843 
EP1067192 


AX127149 
AX063753 
AX137723 
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EP1067193 

Pisabarro et 

al . , Journal of 

Bacteriology 

175:2743- 

2749(1993) 

aP1998215883 

JP1997322774 

JP1997070291 

JP1995075578 


AX137602 

X67737 

Z21502 

E16749 
E14520 
E12773 
E08900 


dapC 


N-Succinyl Aminoketopimelate 

Transaminase 

EC 2.6.1.17 

(N-succinyl diaminopimelate 
trans aininas e ) 


EP1108790 
WO0100843 
EP1136559 


AX127146 
AX064219 


dapD 


Tetrahydrodipicolinate Succinylase 
EC 2-3 .1.117 

(tetrahydrodipicolinate 
succinylase) 

• 


EP1108790 

WO0100843 

Wehrmann et al. 

Journal of 

Bacteriology 

180:3159- 

3165(1998) 


AX127146 
AX063757 
AJ004934 


dapE 


N-Succinyl Diaminopimelate 

Desuccinylase 

EC 3.5.1.18 

(N-succinyl diaminopimelate 
desuccinylase) 


EP1108790 

WO0100843 

Wehrmann et al. 

Microbiology 

140:3349-3356 

(1994) 


AX127146 
AX063749 
X81379 


dapF 


Diaminopimelate Epimerase 
EC 5.1.1.7 

(diaminopimelate epimerase) 


EP1108790 
WO0100843 
EP1085094 


AX127149 
AX063719 
AX137620 


ddh 


Diaminopimelate Dehydrogenase 
EC 1.4.1.16 

(diaminopimelate dehydrogenase) 

■ 


EP1108790 

WO0100843 

Ishino et al . , 

Nucleic Acids 

Research 

15:3917- 

3917(1987) 

JP1997322774 

JP1993284970 

Kim et al . , 

Journal of 

Microbiology 

and 

Biotechnology 
5:250-256(1995) 


AX127152 
AX063759 
Y00151 

E14511 
E05776 
D87976 


dps 


DNA Protection Protein 
(protection during starvation 

protein) 


EP1108790 


AX127153 


eno 


Eno las e 

EC 4.2.1.11 

(enolase) 


EP1108790 

WO0100844 

EP1090998 

Hermann et al . , 

El ect rophor es i s 

19:3217-3221 

(1998) 


AX127146 
AX064945 
AX136862 

* 


gap 


Glyceraldehyde 3 -Phosphate 
Dehydrogenase 


EP1108790 
WO0100844 


AX127148 
AX064941 
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EC 1.2.1.12 

tyj^yceraiaenyae 3~pnosphate 
dehydrogenase) 


Eikmanns et 
al.. Journal of 
Bacteriology 
174:6076- 
6086(1992) 


X59403 1 


gap2 


Glyceraldehyde 3 -Phosphate 
Dehydr ogenas e 
EC 1.2.1.12 

(glyceraldehyde 3 -phosphate 
dehydrogenase 2) 


EP1108790 
WO0100844 


AXl27146i 
AX064939 


gdh 


Glutaiaate Dehydrogenase 
EC 1.4.1.4 

(glutamate dehydrogenase) 


EP1108790 
WO0100844 
Boermann et 
al . , Molecular 
Microbiology 
6:317-326 
(1992) . 

Guyonvarch et 
al . , NCBI 


AXl27150i 

AX063811 

X59404 

X72855 


gnd 


6 - Phosphogluconate Dehydrogenase 
EC 1.1.1.44 

(6 -phosphogluconate dehydrogenase) 


EP1108790 
WO0100844 


AX127147 
AX121689 
AX065125 


lysC 


Aspartate Kinase 
EC 2.7.2.4 • 
(aspartate kinase) 


EP11G8790 
WO0100844 
Kalinowski et 
al . , Molecular 
Mi crobi o 1 ogy 
5:1197-204 
(1991) 


AX120365 
AX063743 
X57226 J 


lysC™ 


Aspartate Kinase feedback resistant 
(fbr) 

EC 2.7.2.4 

(aspartate kinase fbr) 


see Table 2 




lysE 


Lysine Exporter 

(lysine exporter protein) 


EP1108790 1 

WO0100843 

Vrlji6 et al.. 

Molecular 

Mi crobi o 1 ogy 

22:815-826 

(1996) 


AX123539 
AX123539 
X96471 


msiK 


Sugar Xinporter 

(multiple sugar iirport protein) 


EP1108790 


AX120892 


opcA 


Glucose 6 -phosphate Dehydrogenase 
(subunit of glucose 6 -phosphate 
dehydr ogenas e ) 


WO0104325 - 


AX076272 


oxyR 


Transcription Regulator 
(transcriptional regulator) 


EP1108790 


AXX22198 
AX127149 


ppc^ 


Phosphoenol Pyruvate Carboxylase 

feedback resistant 

(phosphoenol pyruvate carboxylase 
feedback resistant) 


EP0723011 
WO0100852 




Ppc 


Phosphoenol Pyruvate Carboxylase 
EC 4.1.1.31 

(phosphoenol pyruvate carboxylase) 


EP1108790 

0' Reagan et 
al . , Gene 
77(2) :237- 
251(1989) 


AX127148 
AX123554 
M25819 
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pgk 


Phosphoglycerate Kinase 
EC 2.7,2.3 

(phosphoglycerate kinase) 


EP1108790 

WO0100844 
Eikmanns, 
Journal of 
Bacteriology 
X / 4 : oU /o-bUoo 
(1992) 


AX121838 
AX127148 
AX064943 
X39403 


PJCIIA 


Protein Kinase A 

(protein kinase A) 


EFllUo /9U 


AX1^UX31 

AX120085 


plciiB 


Protein Kinase B 
(protein kinase B) 


EP1108790 


AX120130 
AX120085 


pknD 


Protein Kinase D 
(protein kinase D) 


EP1108790 


AX127150 
AX122469 
AX122468 


pknG 


Protein Kinase G 
(protein kinase G) 


EP1108790 


AX127152 
AX123109 


ppsA 


Phosphoenol Pyruvate Synthase 
EC 2.7.9.2 

(phosphoenol pyruvate synthase) 


EP1108790 


AX127144 
AX120700 
AX122469 


ptsH 

• 


Phosphotransferase System Protein H 
EC 2.7.1.69 

(phosphotransferase system 
component H) 


EP1108790 
WO0100844 


AX122210 
AX127149 
AX069154 


ptsi 


Phosphotransferase System Enzyme I 
EC 2.7.3.9 

(phosphotransferase system 
enzyme I) 


EP1108790 


AX122206 
AX127149 


ptsM 


Glukose- specif ic Phosphotransferase • 
System Enzyme II 
EC 2.7.1.69 

(glucose phosphotransferase system 
enzyme II) 


Lee et al . , 
FEMS 

Microbiology 
Letters 119 
(1-2) :137-145 
(1994) 


L18874 


pyc 


Pyruvate Carboxylase 
EC 6.4.1.1 

(pyruvate carboxylase) 


W09918228 
Peter s-Wendisch 
et al • f 

Microbiology 

144:915-927 

(1998) 


A97276 
Y09548 


pyc 

P458S 


Pyruvate Carboxylase 
EC 6.4.1.1 

(pyruvate carboxylase) 
amino acid exchange P458S 


EP1108790 




sigC 


Sigma Factor C 
EC 2.7.7.6 

(extracytoplasmic function 

alternative sigma factor C) 


EP1108790 

• 


AX120368 
AX120085 


sigD 


RNA Polymerase Sigma Factor D 
(RNA polymerase sigma factor) 


EP1108790 


AX120753 

avi Oil /LA 


sigE 


Sigma Factor E 
EC 2.7.7.6 

(extracytoplasmic function 
alternative sigma factor E) 


EP1108790 


AX127146 
AX121325 


sigH 


Sigma Factor H 

EC 2.7.7.6 

.(sigma factor SigH) 


EP1108790 


AX127145 
AX120939 
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sigM 


Sigma Factor M 
EC 2.7.7.6 

(sigma factor SigM) 


EPllUo /yyj 


AX127145 


tal 


TransaldolcLse 

EC 2.2.1.2 

( transaldolase ) 


WO0104325 




thyA 


Thymidylate Synthase 
EC 2.1.1.45 
(thymidylate synthase) 


EP1108790 


AX121026 
AX127145 


tkt 


Transketolase 
EC 2.2.1.1 
(transketolase) 


Ikeda et al., 

NCBI 


AB023377 


tpi 


Triose Phosphate Isomerase 
EC 5.3.1.1 

(triose phosphate isomerase) 


Eikmanns, 
Journal of 
Bacteriology 
174:6076-6086 
(1992) 


X59403 


zwal 


Cell Growth Factor 1 
(growth factor 1) 


EP1111062 


AX133781 


zwf 


Glucose 6 -phosphate 1 -Dehydrogenase 
EC 1.1.1.49 

(glucose 6 -phosphate 1- 
dehydr ogenas e ) 


EPXIUO /!7U 

WO0104325 


AVI 971 Afl 

AX121827 
AX076272 


zwf 
A213T 


Glucose 6-phosphate 1 -Dehydrogenase 
EC 1.1.1.49 

(glucose 6-phosphate 1- 

dehydr ogenas e ) 

amino acid exchange A213T 


EP1108790 
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Table 2 



lysC™ alleles which code for feed back resistant aspartate 

kinases 



Name of the 
allele 


Further 
infonnatioxi 


Reference 


Access Number 


lysC™*-E05108 




JP 1993184366-A 
(sequence 1) 


E05108 


lysC^^-B06825 


lysC A279T 


JP 1994062866-A 
(sequence 1) 


E06825 


lysC^*-E06826 


lysC A279T 


JP 1994062866-A 
(sequence 2) 


E06826 


lysC™-E06827 




JP 1994062866-A 
(sequence 3) 


E06827 


lysC™-E08177 




JP 1994261766-A 
(sequence 1) 


E08177 


lysC^-E08178 


lysC A279T 


JP 1994261766-A 
(sequence 2) 


£08178 


lysC*™-E08179 


lysC A279V 


JP 1994261766-A 
(sequence 3) 


E08179 


lysC™-B08180 


lysC S3 OIF 


JP 1994261766-A 
(sequence 4) 


E08180 


lysC™-B08181 


lysC T308I 


JP 1994261766-A 
(sequence 5) 


£08181 


lysC™-E08182 




JP 1994261766-A 
(sequence 6) 


E08182 


lysC™-E12770 




JP 1997070291~A 
(sequence 13) 


E12770 


lysC™-E14514 




JP 1997322774-A 
(sequence 9) 


E14514 


lysC™-E16352 




JP 1998165180-A 
(sequence 3) 


E16352. 


lysC™-E16745 




JP 1998215883-A 
(sequence 3) 


E16745 


lysC™-E16746 




JP 1998215883-A 
(sequence 4) 


E16746 


lysC^-174588 




US 5688671-A 
(sequence 1) 


174588 


lysC™-I74589 


lysC A279T 


US 5688671-A 
(sequence 2) 


174589 


lysC -I7459Q 




UD DOOOO /X— A 

(sequence 7) 


T74590 


lysC™-l74591 


lysC A279T 


US 5668671-A 
(sequence 8) 


174591 


lysC^''-I74592 




US 5688671-A 
(sequence 9) 


174592 


lysC™-l74593 


lysC A279T 


US 5688671-A 
(sequence 10) 


174593 


lysC™'-I74594 




US 5688671-A 
(sequence 11) 


174594 


lysC'^^-174595 


lysC A279T 


US 5688671-A 
(sequence 12) 


174595 


lysC'^-174596 




US 5688671-A 
(sequence 13) 


174596 
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lysC™-I74597 


lysC A279T 


US 5688671-A 
(sequence 14) 


174597 


lysC™-X57226 


lysC S301Y 


EP0387527 

Kalinowski et al . , 
Molecular and 
General Genetics 
224:317-324 (1990) 


X57226 


xysc -Li6o4o 


lysC G345D 


Follettie and 
Sinskey 

NCBI Nucleotide 

Database (1990) 


L16848 




lysC R320G 
lysC G345D 


Jetten et al . , 
Applied Microbiology 
Biotechnology 43 : 7 6- 
82 (1995) 


1*27125 


lysc™ 


lysC T311I 


WO0063388 
(seguence 17) 




lysc™*^ 


lysC S3 OIF 


US3732144 




lysc™ 


lysC S381F 






lysC™ 




JP6261766 
(sequence 1) 




lysC™ 


lysC A279T 


JP6261766 
(sequence 2) 




lysC™ 


lysC A279V 


JP6261766 

(sequence 3) 




lysC™ 


lysC S3 OIF 


JP6261766 
(sequence 4) 




lysC™* 


lysC T308I 


JP6261766 
(sequence 5) 
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Table 3 



Target sites for integration of open reading frames, genes 

cuid alleles of lysine production 



Gene 
name 


Description of the coded 
enzyme or protein 


Reference 


Access 
Number 


aecD 


beta C"S Lyase 

EC 2.6.1.1 
(beta C-S lyase) 


• Rossol et al . , Journal 

of Bacteriology 
174(9) :2968-77 (1992) 


M89931 


ccpAl 


Catabolite Control 

Protein 
(catabolite control 
protein Al) 


WO0100844 
EP1108790 


AX065267 
AX127147 


ccpA2 


Catabolite Control 

Protein 
(catabolite control 
protein A2) 


WO0100844 
EP1108790 


AX065267 
AX121594 


citA 


Sensor Kinase CitA 
(sensor kinase CitA) 


EP1108790 


AX120161 


citB 


Transcription Regulator 
CitB 

(transcription regulator 
CitB) 


EP1108790 


AX120163 


citE 


Citrate Lyase 

EC 4.1.3.6 
(citrate lyase) 


WO0X00844 
EP1108790 


AX065421 
AX127146 


£da 


Fructose Bisphosphate 
Aldolase 
EC 4.1.2.13 
(fructose 1,6- 
bisphosphate aldolase) 


von der Osten et al . , 
Molecular Microbiology 
3(11) :1625-37 (1989) 


X17313 


gluA 


Glutaxnate Transport ATP- 
binding Protein 
(glutamate transport 
ATP-binding protein) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


gluB 


Glutamate-binding 

Protein 
( glutaznate-binding 
protein) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


gluC 


Glutamate Transport 

Permease 
(glutamate transport 
system permease) 


Kronemeyer et al . , 
Journal of Bacteriology 
177 (5) ;1152-8 (1995) 


X81191 


gluD 


Glutamate Transport 

Permease 
(glutamate transport 
system permease) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


luxR 


Treinscription Regulator 
LuxR 

(transcription regulator 
LtixR) 


WO0100842 
EP1108790 


AX065953 
AX123320 


luxS 


Histidine Kinase LuxS 
(histidine kinase LuxS) 


EP1108790 


AX123323 
AX127145 


lysRl 


Transcription Regulator 
LysRl 


EP1108790 


AX064673 
AX127144 
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(transcription regulator 
LysRl ) 






lysR2 


Transcription Activator 
LysR2 

( transcription regulator 

LysR2 ) 


EP1108790 


AX123312 


lysRB 


Transcription Regulator 
LysR3 

(transcription regulator 
LysR3 ) 


worn nnfiA9 
EP1108790 


7VVA/CCOC7 1 

AX127150 


menE 


0-Succinylbenzoic Acid 
CoA Ligase 
EC 6.2.1.26 

(0-succinylbenzoate CoA 
ligase) 


¥1 \J \J VOrxJ 

EP1108790 


AaUO^O^^ I 

AX064193 
AX127144 


mgo 


Malate-Quinone 
Oxidoreductase 
(roalate-quinone- 
oxidoreductase ) ' 


Molenaar et al., Eur. 
Journal of Biochemistry 
1;254(2) :395-403 (1998) 


AJ224946 


pck 


Phosphoenol Pyruvate 

Carboxykinas e 
(phosphoenol pyruvate 
carboxykinase ) 




Tk TO ^ rt c n f 1 

Aj2o9506 I 
AX065053 


pgi 


Glucose 6-phosphate 
Isomer ase 
EC 5.3.1.9 

(glucose 6-phosphate 
isomerase) 


EP1087015 
EP1108790 


AX136015 
AX127146 


poxB 


Pyruvate Oxidase 
EC 1.2.3.3 

(pyruvate oxidase) 


WO0100844 
EP1096013 


AX0649S9 
AX137665 


zwa2 


Cell Growth Factor 2 
(growth factor 2) 


EP1106693 
EP1108790 


AX113822 
AX127146 1 



The invention accordingly also provides a process for the 
production of coryneform bacteria which produce L- lysine, 
which comprises 

a) isolating the nucleotide sequence of at least one 
desired ORF, gene or allele of lysine production, 
optionally including the expression and/or regulation 
signals, 

b) providing the 5» and the 3» end of the ORF, gene or 
allele of lysine production with nucleotide sequences 
of the target site, 

c) preferably incorporating the nucleotide sequence of 
the desired ORF, gene or allele provided with 
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nucleotide sequences of the target site into a vector 
which does not replicate or replicates to only a 
limited extent in coryneform bacteria, 

transferring the nucleotide sequence according to b) 
or c) into coryneform bacteria, and 

isolating coryneform bacteria in which the nucleotide 
sequence according to a) is incorporated at the target 
site, no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which iinparts 
resistance to antibiotics remaining at the target 
site. 

The invention furthermore provides coryneform bacteria, in 
15 particular of the genus Corynebacteriiim, which produce L- 
methionine and/ or L- threonine, characterized in that these 
have, in addition to at least one of the copy of an open 
reading frame (ORF) , gene or allele of methionine 
production or threonine production present at the natural 
20 site (locus), in each case a second, optionally third or 

fourth copy of the open reading frame (ORF) , gene or allele 
in question at in each case a second, optionally third or 
fourth site in integrated form, no nucleotide sequence 
which is capable of/enables episomal replication in 
25 microorganisms, no nucleotide sequence which is capable 
of/enables transposition and no nucleotide sequence which 
imparts resistance to antibiotics being present at the 
particular second, optionally third or fourth site. 

The invention also furthermore provides a process for the 
30 preparation of L-methionine and/or L-threonine, which 

* 

comprises the following steps: 

a) fermentation of coryneform bacteria, in particular 
Corynebacterium glutamicum, characterized in that 
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these have, in addition to at least one of the copy of 
an open reading frame (ORF) , gene or allele of 
methionine production or threonine production present 
at the natural site (locus) , in each case a second, 
5 optionally third or fourth copy of the open reading 

frame (ORF) , gene or allele in question at in each 
case a second, optionally third or fourth site in 
integrated form, no nucleotide sequence which is 
capable of/enables episomal replication in 
10 microorganisms, no nucleotide sequence which is 

capable of /enables transposition and no nucleotide 
sequence which imparts resistance to antibiotics being 
present at the particular second, optionally third or 
fourth site, 

15 

under conditions which allow expression of the said 
open reading frames (ORF), genes or alleles, 

b) concentration of the D-methionine and/or L- threonine 
in the fermentation broth, 

20 c) isolation of the L-methionine and/or threonine from 

the fermentation broth, optionally 

d) with constituents from the fermentation broth and/or 
the biomass to the extent of > (greater than) 0 to 
100%. 

25 A "copy of an open reading frame (ORF) , gene or allele of 
methionine production" is to be understood as meaning all 
the, preferably endogenous, open reading frames, genes or 
alleles of which enhancement /over- express ion can have the 
effect of improving methionine production. 

30 These include, inter alia, the following open reading 

frames, genes or alleles: accBC, accDA, aecD, cstA, cysD, 
cysE, cysH, cysK, cysN, cysQ, dps, eno, fda, gap, gap2, 
gdh, gnd, glyA, hom, hom^^, lysC, lysC^°^, metA, metB, metE, 
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itietH, metY, msiK, opcA, oxyR, ppc, ppc*^ , pgk, pknA, pknB, 
pkiiD, pknG, ppsA, ptsH/ ptsi, ptsM, pyc, pyc P458S, sigC, 
sigD, sigE, sigH, sigM, tal, thyA, tkt, tpi, zwal, zwf and 
zwf A213T. These are svunmarized and explained in Table 4. 
5 These include, in particular, the lysC^^^ alleles which code 
for a "feed back" resistant aspartate kinase (see Table 2) 
and the hom^®^ alleles which code for a "feed back" 
resistant homos erine dehydrogenase. 

The second, optionally third or fourth copy of the open 
10 reading frame (ORF) , gene or allele of methionine 

production in question can be integrated at in each case a 
second, optionally third or fourth site. The following open 
reading frames, genes or nucleotide sequences, inter alia, 
can be used for this: bmE, brnP, brnQ, ccpAl, ccpA2, citA, 
15 citB, citE, ddh, gluA, gluB, gluC, gluD, luxR, luxS, lysRl, 
lysR2, lysR3, menE, metD, metK, pck, pgi, poxB and zwa2 . 
These are summarized and explained in Table 5. 

The sites mentioned include, of course, not only the coding 
regions of the open reading frames or genes mentioned, but 

20 also the regions or nucleotide sequences lying upstream 
which are responsible for expression and regrulation, such 
as, for example, ribosome binding sites, promoters, binding 
sites for regulatory proteins, binding sites for regulatory 
ribonucleic acids and attenuators. These regions in general 

25 lie in a range of 1-800, 1-600, 1-400, 1-200, 1-100 or 1-50 
nucleotides upstream of the coding region. In the same way, 
regions lying downstream, such as, for example, 
transcription terminators, are also included. These regions 
in general lie in a range of 1-400, 1-200, 1-100, 1-50 or 

30 1-25 nucleotides downstream of the coding region. 

Intergenic regions in the chromosome, that is to say 
nucleotide sequences without a coding function, can 
furthermore be used. Finally, prophages or defective phages 
contained in the chromosome can be used for this. 
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Table 4 



Open reading frames, genes and alleles of methionine 

production 



Name 


Description of the coded enzyme or 


Reference 


Access 


AccBC 


Acyl-CoA Carboxylase 
(acyl-CoA carboxylase) 


Jager et al. 

Microbiology 
(1996) 166:76-82 
EP1108790; 
WO0100805 


U35023 

AX123524 
AX066441 


TV ^ ^T^TV 


Acecyx-coA carooxyiase 
EC 6.4.1.2 

(acetyl-CoA carboxylase) 


EP1108790 
WO0100805 


AX121013 
AX066443 


AecD 


Cystathionine beta-Iiyase 
EC 4.4.1.8 

(cystathionine beta- lyase) 


Rossol et al . / 
Journal of 
Bacteriology 
174:2968-2977 
(lyyz ) 


M89931 


CstA 


Carbon Starvation Protein A 
(carbon starvation protein A) 


EP1108790 
W00100804 


AX120811 
AX066109 


CysD 


Sul fate Adenylyl trans f erase 
sub-\init II • 
EC 2.7-7.4 

(sulfate adenylyl transferase small 
cnaiii; 


EP11U8790 


AX123177 


CysB 


Serine Acetyl transferase 
(serine acetyl transferase) 


EP1108790 
wrini nnpA'% 

WL/U J. U U O 4 J 


AX122902 


CysH 


3 ' -Phosphoadenyl Sulfate Reductase 

(3 * -phosphoadenosine 5 ' - 
phosphosulfate reductase) 


EP1108790 

worn ooftd? 


AX123178 


CysK 


Cysteine Synthase 
EC 4.2.99.8 
(cysteine synthase) 


EP1108790 
wool 00 843 


AX122901 
AX063963 


CysN 


Sulfate Adenylyl transferase sub-*. 

unit X 

EC 2.7.7.4 

(sulfate adenylyltransferase) * 


EP110879D 


AX123176 
AX127152 


CysQ 


Transport protein CysQ 
(transporter cysQ) 


EP1108790 
WO0100805 


AX127145 
AX066423 


Vps 


DNA Protection Protein 
(protection during starvation 
protein) 


EP1108790 


AX127153 


Eno 


Enolase 

EC 4.2.1.11 

(enolase) 


EP1108790 

WO0100844 

EP1090998 

Hermann et al . , 

Electrophoresis 

19:3217-3221 

(1998) 


AX127146 
AX064945 
AX136862 
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Fda 


Fructose Bisphosphate Aldolase 
EC 4.1.2.13 

(fructose bisphosphate aldolase) 


van der Osten et 
al . , Molecular 
Microbiology 
3 :1625-1637 
(1989) 


X17313 


Gap 


Glyceraldehyde 3 -Phosphate 

Dehydrogenase 

EC 1.2.1.12 

( glyceraldehyde 3 -phosphate 
dehydrogenase ) 


EP1108790 

WO0100844 

Eilcmanns et al . , 

Journal of 

Bacteriology 

174:6076- 

6086(1992) 


AX127148 
AX064941 
X59403 


gap2 


Glyceraldehyde 3 -Phosphate 

Dehydrogenase 

EC 1.2.1.12 

( glyceraldehyde 3 -phosphate 
dehydrogenase 2) 


EP1108790 
WO0100844 


AX127146 
AX064939 


Gdh 


Glutamate Dehydrogenase 
EC 1.4.1.4 

(glutamate dehydrogenase) 


EP1108790 

WO0100844 

Boermann et al . , 

Molecular 

Microbiology 

6:317-326 

(1992) ; 

Guyonvarch et 
al . , NCBI 


AX127150 
AX063811 
X59404 

X72855 


GlyA 


Glycine/ Serine 
Hydroxyinethyltransf erase 
EC 2.1.2.1 

( glycine/ serine 
hydroxymethyl trans f erase ) 


EP1108790 

■ 


AX127146 
AX121194 


Gnd 


6-Phosphogluconate Dehydrogenase 
EC 1.1,1.44 

(6-phosphogluconate dehydrogenase) 


EP1108790 

WO0100844 


AX127147 
AX121689 

AX065125 


Horn 


Homoserine Dehydrogenase 
EC 1.1.1.3 

(homoserine dehydrogenase) 


Peoples et al . , 
Molecular 
Microbiology 
2:63-72 (1988) 


Y00546 




Homoserine Dehydrogenase feedback 
resistant (fbr) 
EC 1.1.1.3 

(homoserine dehydrogenase fbr) 


Reins cheid et 
al . , Journal of 
Bacteriology 
173:3228-30 
(1991) 




LysC 


Aspartate Kinase 
EC 2.7.2.4 
(aspartate kinase) 


EP1108790 

WO0100844 

Kalinowski et 

al . , Molecular 

Microbiology 

5:1197-204 

(1991) 


AX120365 
AX063743 
X57226 


lysC 


Aspartate Kinase feedback resistant 
(fbr) 

EC 2.7.2.4 

(aspartate kinase fbr) 


see Table 2 

■ 




MetA 


Homoserine Acetyl transferase 
EC 2.3.1.31 

(homoserine acetyl transferase) 


Park et al . , 
Molecular Cells 
8:286-94 (1998) 


AF052652 


MetB 


Cystathionine y-Lyase 


Hwang et al . , 


AF126953 



wo 03/040373 



30 



PCT/EP02/08464 





(cystathionine gamma -synthase) 


i*10 J.cL.\lXclX, V«C5X±b 

9:300-308 (1999) 






Homocystexne £ieunyj.cransr erase 
EC 2.1.1.14 

(nomocysceine xnecnyxcransr erase/ 




AX121345 


MetH 


Homocysteine Methyl transferase 
(Vitamin B12 -dependent) 

EC 2.1.1. 14 

(homocysteine methyl transferase) 


EP1108790 


AX127148 
AX121747 


MetY 


AcetyinoiROserxne buirnyaroxase 
(acetylhomoserine sulf hydrolase) 




AXl 20810 

AX127145 


MsiK 


Sugar Importer 

(multiple sugar import protein) 


EP1108790 


AX120892 


OpcA 


Glucose 6 -phosphate Dehydrogenase 
(suDunxt o£ glucose o-pnospnace 
dehydr ogena s e ) 


WO0104325 


AX076272 


OxyR 


Transcription Regulator 
(transcriptional regulator) 


EP1108790 


AX122198 
AX127149 


ppc™ 


Phosphoenol Pyruvate Carboxylase 
feedback res is tent 
EC 4.1-1.31 

(phosphoenol pyruvate carboxylase 
feedback resistant) 


EP0723011 

r^*/-* f\'% r\ o c o 

wOOlOOoDZ 

• 




Ppc 


Phosphoenol Pyruvate Carboxylase 
EC 4.1.1.31 

(phosphoenol pyruvate carboxylase) 


EP1108790 

0 ' Reagan et al . , 
Gene 77 (2) :237- 
251 (1989) 


AX127148 
AX123554 
M25819 


Pgk 


Phosphoglycerate Kinase 
EC 2.7.2.3 

(phosphoglycerate kinase) 


EP1108790 

W00100844 

Ciijcmanns / 
Journal of 
Bacteriology 

X / 4 sou / O Oi/oO 

(1992) 


AX121838 

TWi 0*71 A Q 

AXl^ /X4o 

AX064943 


FJcnA 


Protein Kinase A 
(protein kinase A) 




AX120131 
AX120085 


PknB 


Protein Kinase B 
(protein Kinase B) 


EP1108790 


AX120130 
AX120085 


P)aiD 


Protein Kinase D 
(protein Kinase D) 


EP1108790 


AX127150 
AX122469 

AX122468 


PknG 


Protein Kinase G 
(protein kinase G) 




AX127152 
AX123109 


£>psA 


Phosphoenol Pyruvate Synthase 
EC 2.7.9.2 

(phosphoenol pyruvate synthase) 


EP1108790 


AX127144 
7UC120700 
&X122469 

A V V* 7 


PtsH 

• 


Phosphotransferase System Protein H 

EC 2 7 1 69 

(phosphotransferase system 
component H) 


EP1108790 
WO0100844 


AX122210 
AX127149 
AX069154 


PtsI 


Phosphotransferase System Enzyme I 
EC 2.7.3.9 

(phosphotransferase system 
enzyme I) 


EP1108790 


AX122206 
AX127149 


PtSM 


Glucose- speci f ic Phospho trans f erase 
System Enzyme II 


Lee et al., FEMS 
Microbiology 


L18874 
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lEC 2.7.1.69 

(glucose phosphotransferase system 
enzyme II) 


1 ijeuuers x±y 
(1-2) :137-145 
(1994) 






[Pyruvate Carboxylase 
EC 6.4.1.1 

(pyruvate carboxylase) 


W09918228 
1 Feters-wenaxscn 
et al . , 
Microbiology 
144:915-927 


A97276 
Y09548 


Pyc 
P458S 


[Pyruvate Carboxylase 
EC 6.4.1.1 

amino acid exchange P458S 


EP1108790 




SigC 


1 Sigma Factor C 
EC 2.7.7.6 

(ex^racyuopxasimc function 
alternative sigma factor C) 


EP1108790 


AX120368 
AX120085 


SigD 


IRNA Polymerase Sigma Factor D 

1 T?C 0 1 1 

(RNA polymerase sigma factor) 


EP1108790 


AX120753 
AX127144 


SigE 


Sigma Factor E 

vr* O T T c 
aS^ Z . / . / . o 

(extracytoplasmic function 
alternative sigma factor E) 


EP1108790 


AX127146 
AX121325 


1 <?T rrH 


oxgiuo, ra.CuOr rl 

EC 2.7.7.6 

(sigma factor SigH) 


EP1108790 


AX127145 
AX120939 


1 SioM 


oxgnia. r accor ex 

EC 2.1.1.6 

(sigma factor SigM) 


EP1108790 


AX123500 
AX127153 


1 Tal 


EC 2.2.1.2 

(transaldolase) 


WO0104325 


AX076272 


ThyA 


Thymidylate Synthase 
EC 2.1.1.45 

\ uiijj'luj.u.y j-due syixtnasej | 


EP1108790 


AX121026 
AX127145 


Tkt 


Trcuisketolase 

(trsinsktolase) | 


Ikeda et al . , 

NCBI 


AB023377 


• Tpi 


Triose Phosphate Isomerase 
EC 5.3.1.1 


Eikmanns, 
Journal of 
Bac t er i o 1 ogy 
174:6076-6086 
(1992) 


X^9403 

• 


zwal 


Cell Growth Factor 1 

(growth factor 1) | 


EP1111062 


AX133781 


Zwf 


Glucose 6-phosphate 1-Dehydrogenase 
EC 1.1.1.49 

(glucose 6-phosphate 1- 
dehydrogenase) | 


EP1108790 
W00104325 


AX121827 
AX076272 


Zwf 
A213T 


Glucose 6-phosphate 1- Dehydrogenase 
EC 1.1.1.49 

(glucose 6-phosphate 1- 
dehydr ogenase ) 

amino acid exchange A213T | 


EP1108790 
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Table 5 



Target sites for integration of open reading frames, genes 

and alleles of methionine production 



Gene 1 
name 1 


Description of the 1 
coded enzyme or protein 


Reference 


Access 
Number 


BmB 1 


Trsmsporter of 1 
Drancneci— cncixn ainino i 
acids 

(branched- chain amino 
acid transporter) 


EP1096010 


AX137709 
AX137714 


BrnF 1 


Transporter of 1 
breuached- chain amino 
acids 

(branched- chaiii amino 
acid transporter) 


AJrlU^oUlU 


AX137714 


BrnQ 


Carrier protein of 1 
branched- chain amino 
acids 

(branclied- chain amino 
acid transport system 
carrier protein) 


Tauch et al . , Archives 
or Microoioiogy 
169 (4) :303-12 (1998) 
WO0100805 
EP1108790 


M89931 
AX127150 


CcpAl 1 


Catabolite Control 
Protein 

(catabolite control 
protein Al) 


WO0100844 
EP1108790 


AX065267 
AX127147 


ccpA2 


Catabolite Control 
Protein 

(catabolite control 
protein ; 


WO0100844 
EP1108790 


AX065267 
AX121594 


citA 


Sensor Kinase CitA 
(sensor kinase CitA) 


EP1108790 


AX120161 


citB 


Transcription Regulator 

V«.lUX3 

(transcription 
regulator CitB) 


EP1108790 


AX120163 


citE 


1 Citrate Lyase 
1 (citrate lyase) 


WO0100844 
EP1108790 


AX065421 
AX127146 


ddh 


1 Diaminopimelate 
1 Dehvdrocrenase 
EC 1.4.1.16 

(diaminopimelate 
dehydrogenase) 


Ishino et al.. Nucleic 
Acids Research 15: 3917 
(1987) 
' EP1108790 


S07384 
AX127152 


gluA 


Glutamate Transport 
ATP-binding Protein 
(glutamate transport 
ATP-binding protein) 


1 Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


gluB 


1 Glutamate-binding 
Protein 

(glutamate-binding 
protein) 


1 Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


gluC 


1 Glutamate Transport 
Permease 

1 (glutamate transport 


1 Kronemeyer et al . / 

Journal of Bacteriology 
1 177(5) :1152-8 (1995) 


X81191 
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system permease) 






gluD 


Glutamate Transport 
Permease 

(glutamate transport 
system permease) 


Kronemeyer et al . , 
Journal of Bact^T"i omr 

177(5) :1152-8 (1995) 


X81191 


luxR 


Transcription Regulator 
LuxR 

{ transcription 
regulator LuxR) 


WO0100842 


AX065953 
1 AY1 o'i "aon 


luxS 


Histidine Kinase LuxS 
(histidine kinase Liixf?^ 


EP1108790 


AX123323 

\ AX127145 


lysRl 


Transcription Regulator 
LysRl 

(transcription 

l^^cnil at"r>T* T.vcs'Pl \ 


EP1108790 


AX064673 
AX127144 


lysR2 


Transcription Activator 
LysR2 

( transcription 

regulator LysR2) 


EP1108790 


AX123312 

■ 


lvsR3 


J- x cuiowx, xj^uxon i\6yuxacor 

LysR3 

( transcription 
regulator LysRB) 


WO0100842 
EP1108790 


AX065957 
AX127150 


'iiTii 1 rt 


Gi 1 ^/^i n^^l V^Av« M A 4 ^ "A^ifi 

\j ouccxxij^xx/cnzoxc aciq 
CoA Ligase 
EC 6.2.1.26 

<0-succinylbenzoate CoA 
ligase) 


T"*.*^^ ^ rt rt rt A ^ 

WO0100843 
EP1108790 


AX064599 
! AX064193 
AX127144 


metiD 


AX cuA.i9(i«x x^iaXv^ii Xvcyuxd^Ox 

MetD 

( transcription 
regulator MetD) 


£PlxUo7dO 


AX123327 
AX127153 

V 


metK 


Transferase 
EC 2.5.1.6 

{ S-adenosylmethionine 

synthetase) 


rt "1 A /^ o >i "5 1 
WOUlUUo4o 

EP1108790 


^ r rt ^ ^ rt ^ rt 1 

AX063959 
AX127148 




Carboxykinase 
(phosphoenol pyruvate 
carboxvkinase ) 


WOUx00o44 


^ vrt ^ rt ^ rt ^ 1 

AJ269506 
AX065053 


pgi 


Glucose 6 -Phosphate 

Isomerase 

EC 5.3.1.9 

(glucose- 6 -phosphate 
isomerase) 


EP1087015 
EP1108790 


AX136015 
AX127146 


poxB 


Pyruvate Oxidase 
EC 1.2.3.3 
(pyruvate oxidase) 


WO0100844 
EP1096013 


AX064959 
AX137665 


zwa2 


Cell Growth Factor 2 
(growth factor 2) 


EP1106693 
EP1108790 1 


AX113822 
AX127146 1 
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A "copy of an open reading frame (ORF) , gene or allele of 
threonine production" is to be understood as meaning all 
the open reading frames, genes or alleles of which 
enhancement /over-express ion can have the effect of 
improving threonine production. 

These include, inter alia, the following open reading 
frames, genes or alleles: accBC, accDA, cstA, cysD, cysE, 
cysH, cysl, cysN, cysQ, dps, eno, fda, gap, gap2, gdh, gnd, 
horn, hom^°^, lysC, lysC^^^, msiK, opcA, oxyR, ppc, ppc , 
pgk, pknA, pknB, pknD, pknG, ppsA, ptsH, ptsi, ptsM, pyc, 
pyc P458S, sigC, sigD, sigE, sigH, sigM, tal, thyA, tkt, 
tpi, thrB, thrC, thrE, zwal, zwf and zwf A213T. These are 
summarized and explained in Table 6. These include, in 
particular, the lysc""^ alleles which code for a "feed back- 
resistant aspartate kinase (See Table 2) and the hom^®^ 
alleles which code for a "feed back" resistant homoserine 
dehydrogenase . 

The second, optionally third or fourth copy of the open 
reading frame (ORF) , gene or allele of threonine production 
in question can be integrated at in each case a second, 
optionally third or fourth site, The following open reading 
frames, genes or nucleotide sequences, inter alia, can be 
used for this: ccpAl, ccpA2, citA, citB, citE, ddh, gluA, 
gluB, gluC, gluD, glyA, ilvA, ilvBN, ilvC, ilvD, luxR, 
l\ixS, lysRl, lysR2, lysR3, mdh, menE, metA, metD, pck, 
poxB, sigB and zwa2. These are summarized and explained in 
Table 7. 

The sites mentioned include, of course, not only the coding 
regions of the open reading frames or genes mentioned, but 
also the regions or nucleotide sequences lying upstream 
which are responsible for expression and regulation, such 
as, for example, ribosome binding sites, promoters, binding 
sites for regulatory proteins, binding sites, for regulatory 
ribonucleic acids and attenuators. These regions in general 
lie in.a range of 1-800, 1-600, 1-400, 1-200, 1-100 or 1-SO 
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nucleotides upstream of the coding region. In the same way, 
regions lying downstream, such as, for example, . 
transcription terminators, are also included. These regions 
in general lie in a range of 1-400, 1-200, 1-100, 1-50 or 
5 1-25 nucleotides downstream of the coding region. 

Intergenic regions in the chromosome, that is to say 
nucleotide sequences without a coding function, can 
furthermore be used. Finally, prophages or defective phages 
contained in the chromosome can be used for this. 
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Table 6 



Open reading frames, genes and alleles of threonine production 





LiescrjLpcxon or cne coaea enzyme or 

protein 


Reference 


Access 
Nijuiiber 


accBC 


Acyl-CoA Carboxylase 
EC 6.3.4.14 

• 

( acy X u OA carooxy 4. as e ; 


Jager et al. 
Archives of 
Microbiology 
166:76-82 (1996) 
EP1108790 
WO0100805 


U35023 

AX123524 
AX066441 


accDA 


Acetyl--CoA Carboxylase 
EC 6.4.1.2 

{acetyl-CoA carboxylase) 


EP1055725 
EP1108790 

WO0100805 


AX121013 

AX066443 


CStA 


Carbon Starvation Protein A 
(carbon starvation protein A) 


EP1108790 

W00100804 


AX120811 
AX066109 


cysD 


Sulfate Adenylyltransferase 
sub-\init II 
EC 2.7,7.4 

(sulfate adenylyltransferase small 
chain) 


EP1108790 


AX123177 


cysE 


Serine Acetyltransf erase 
EC 2.3.1.30 

(serine acetyltransf erase) 


EP1108790 
WO0100843 


AX122902 
AX063961 


cysH 


3 • -Phosphoadenyl Sulfate Reductase 
EC 1.8,99-4 

( s "pnospnoaoenosine b * - 
phosphosulfate reductase) 


EP1108790 
WO0100842 


AX123178 
AX066001 


cysK 


Cysteine Synthase 
EC 4.2.99.8 

(cysteine synthase) 


EP1108790 
W00100843 


AX122901 
AX063963 


cysN 


Sulfate Adenylyltransferase stib- 
unit I 

(sulfate adenylyltransferase) 


EP1108790 


AX123176 
AX127152 


cysQ 


Transport protein CysQ 
(transporter cysQ) 


EP1108790 
WO0100805 


AX127145 
AX066423 


dps 


DNA Protection Protein 
(proueccion auring starvation 

protein) 


EP1108790 


AX127153 


eno 


Enolase 
(enolase) 


EP1108790 

EP1090998 
Hermann et al.. 
Electrophoresis 
19:3217-3221 
(1998) 


AX127146 
AX136862 


fda 


Fructose Bisphosphate Aldolase 
EC 4.1.2.13 

(fructose bisphosphate aldolase) 


van der Osten et 
al . , Molecular 
Microbiology 
3:1625-1637 

(1989) 


X17313 


gap 


Glyceraldehyde 3 -Phosphate 

Dehydrogenase 

EC 1.2.1.12 


EP1108790 

WO0100844 
Bikmanns et al.. 


AX127148 
AX064941 
X59403 
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( alvceraldehvde 3 -nhosohat e 
dehydrogenase ) 


Bacteriology 

174:6076- 

6086(1992) 




gap2 


Glyceraldehyde 3 -Phosphate 

Dehydrogenase 

EC 1.2.1.12 

(glyceraldehyde 3 -phosphate 
dehydrogenase 2) 


EP1108790 
WO0100844 


AX127146 
AX064939 


gem. 


bj.ucaiQace Denyctrogenase 
EC 1,4.1.4 

(glutamate dehydrogenase) 


EP1108790 

WO0100844 

Boennann et al . , 

Molecular 

Microbiology 

6:317-326 

(1992); 

Guyonvarch et 
al., NCBI 


AX127150 
AX063811 
X59404 

X72855 


gnd 


6-Phosphogluconate Dehydrogenase 
EC 1.1.1.44 

(6~phosphogluconate dehydrogenase) 


EP1108790 
WO0100844 


AX127147 
AX121689 
AX065125 


xioin 


nomoserxne Deiiyarogenase 
EC 1.1.1.3 

( homoser ine dehydrogenase ) 


Peoples et al.. 
Molecular 
Microbiology 
2:63-72 (1988) 


Y00546 




Homoserine Dehydrogenase feedback 
resistant (fbr) 
EC 1.1.1.3 

inomoserxne aenycirogenase rbr) 


Reinscheid et 
al . , Journal of 
Bacteriology 
173 :3228-30 

(1991) 




lysC 


Aspartate Kinase 
EC 2.7.2.4 

(aspartate Kinase; 


EP1108790 

WO0100844 

Kalinowski et 

al . , Molecular 

Microbiology 

5:1197-204 

(1991) 


AX120365 
AX063743 
X57226 




Asparcaue Ainase . reeooacK res xs tent 
(fbr) 

EC 2 7 2 4 

(aspartate kinase fbr) 


see Table 2 




mslK 


Sugar Importer 

(multiple sugar import protein) 


EP1108790 


AX120892 


opcA 


Glucose 6 -Phosphate Dehydrogenase 
dehydrogenase) 


WO0104325 


AX076272 


oxyR 


Transcription Regulator 
(transcriptional regulator) 


EP1108790 


AX122198 
AX127149 


ppc^ 


Phospho.enol Pyruvate Carboxylase 
feedback resistent 
EC 4.1.1.31 

(phosphoenol pyruvate carboxylase 
feedback resistant) 


EP0723011 
wool 00 852 




ppc 


Phosphoenol Pyruvate Carboxylase 
EC 4.1.1.31 

(phosphoenol pyruvate carboxylase) 


EP1108790 

0 ■ Reagan et al . , 
Gene 77(2) :237- 
251(1989) 


AX127148 
AX123554 
M25819 
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pgk I Phosphoglycerate Kinase 
EC 2.7.2.3 

(phosphoglycerate kinase) 



pknA I Protein Kinase A 

(protein kinase A ) 
pJoiB I Protein Kinase B 

(protein kinase B ) 
pknD I Protein Kinase D 
(protein kinase D) 

P^G I Protein Kinase G 

(protein kinase G) 

ppsA iPhosphoenol Pyruvate Synthase 
EC 2.7.9.2 

(phosphoenol pyruvate synthase) 



EP1108790 

WO0100844 
Eikmannsy 
Journal of 

Bac t er i ol ogy 

174:6076-6086 
(1992) 



EP1108790 



EP1108790 



EP1108790 



EP1108790 



AX121838 
AX127148 
AX064943 
X59403 



AX120131 
AX120085 
AX120130 
AX120085 



AX127150 
AX122469 
AX122468 



AX127152 
AX123109 



EP1108790 



ptsH 



Phosphotransferase System Protein H 
EC 2.7.1.69 

(phosphotransferase system 
component H) 



AX127144 
AX120700 
AX122469 



EP1108790 
WO0100844 



AX122210 
AX127149 
AX069154 



ptsi 



ptsM 



Phosphotransferase System Enzyme I 
EC 2.7.3.9 

(phosphotransferase system 
enzyme I) 

Glukose-specific Phosphotransferase 
System Enzyme II 
EC 2.7.1.69 

(glucose phosphotransferase- system 
enzyme II) 



EP1108790 



pyc I Pyruvate Carboxylase 
EC 6.4.1.1 

(pyruvate carboxylase) 



Lee . et al . , PEMS 
Microbiology 
Letters 119 
(1-2) :137-145 
(1994) 



AX122206 
AX127149 



L18874 



pyc I Pyxuvate Carboxylase 
P458S I EC 6.4.1.1 

(pyruvate carboxylase) 
amino acid exchange P458S 
sigC I Sigma Factor C 
EC 2.7.7.6 

(extracytoplasmic function 
alternative sigma factor C) 
RNA Polymerase Sigma Factor D 
EC 2.7.7.6 

(RNA polymerase sigma factor) 



W09918228 
Peters - Wendisch 
et al . , 

Microbiology 

144:915-927 

(1998) 



A97276 
Y09548 



EP1108790 



EP1108790 



EP1108790 



AX120368 
AX120085 



AX120753 
AX127144 



sigE I Sigma Factor E 
EC 2.7.7.6 

(extracytoplasmic ftmction 
alternative sigma factor E) 
sigH I Sigma Factor H 
EC 2.7.7.6 
(sigma factor S igH) 
sigM I Sigma Factor M 



EP1108790 



AX127146 
AX121325 



EP1108790 



AX127145 
AX120939 



EP1108790 



AX123500 
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"PC* 0 n n f\ 

(sigma factor SigM) 




AX127153 


tal 


Transaldolase 
EC 2.2.1.2 

(transaldolase) 


WO0104325 


AX076272 




Hoinoserxne Kinase 
EC 2.7.1.39 
(nomoserxne Kinase; 


Peoples et ai . , 
Molecular 
MicroJDioiogy 
2:63-72 (1988) 




thrC 


Threonine Synthase 
EC 4.2.99.2 
(threonine synthase) 


Han et al . , 

Moleculax 

Microbiology 

4:1693-1702 
(1990) 


X56037 


thrE 


Threonine Exporter 
(threonine export carrier) 


EP1085091 


AX137526 


thyA 


Thymidylate Synthase 
EC 2.1.1.45 

(thymidylate synthase) 


EP1108790 


AX121026 
AX127145 


tkt 


Transketolase 
EC 2.2.1.1 

■ 

(transketolase) 


Ikeda et al . / 
NCBI 


AB023377 


tpi 


Trios e phosphate Isomerase 
EC 5.3.1.1 

(triose phosphate isomerase) 


Eikmanns, 
Journal of 
Bacteriology 
174:6076-6086 
(1992) 


X59403 


zwal 


Cell Growth Factor 1 
(growth factor 1) 


EP1111062 


AX133781 


zwf 


Glucose o-Pnospnate i-Denyarogenase 
EC 1.1.1,49 

(glucose 6 -phosphate 1- 
dehydrogenase ) 


CfPllUO tifu 

WO0104325 


AAIa / 14 O 

AX121827 
AX076272 


zwf 
A213T 


Glucose 6-Phosphate 1 -Dehydrogenase 
EC 1.1.1.49 

(glucose 6-phosphate 1*- 
dehydrogenase) 
1 axaino acid exchange A213T 


EP1108790 
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Table 7 



Target sites for integration of open reading frames, genes 

and alleles of threonine production 



Gene 
ziaiae 


Description of the coded 
enzyme or protein 


Reference 


Access 
Number 


ccpAl 


Catabolite Control 
Protein 

(catabolite control 
protein Al) 


WO0100844 
EP1108790 


AX065267 
AX127147 


ccpA2 


Catabolite Control 
Protein 

(catabolite control 
protein A2) 


WO0100844 
EP1108790 


AX065267 
AX121594 


citA 


Sensor Kinase CitA 
(sensor kinase CitA) 


EP1108790 


AX120161 


citB 


Transcription Regulator 
CitB 

(transcription regulator 
CitB) 


EP1108790 


AX120163 


citE 


Citrate Lyase 
EC 4.1,3.6 
(citrate lyase) 


WO0100844 
EP1108790 


AX065421 
AX127146 


ddh 


Diaminopimelate 

Dehydrogenase 

EC 1.4.1.16 

( diaminopimelate 

dehydrogenase ) 


Ishino et al . , Nucleic 
Acids Research 15: 3917 
(1987) 
EP1108790 


S07384 
AX127152 


gluA 


Glutamate Transport ATP- 
binding Protein 
(glutamate transport ATP- 
binding protein) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


glTiB 


Glutamate-bindmg Protein 
( glutamate-binding 
protein) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


gluC 


Glutamate Transport 
Permease 

(glutamate transport 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


.gluD 


Glutamate Transport 
Permease 

(glutamate transport 
system permease) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


glyA 


Glycine 

Hydroxyme thy 1 trans f eras e 
EC 2.1.2.1 

(glycine 

hydroxymethyltransf erase) 


WO0100843 


AX063861 
AF327063 


ilvA 


Threonine Dehydratase 
EC 4.2.1-16 

(threonine dehydratase) 


Mockel et al . , Journal 
.of Bacteriology 174 
(24), 8065-8072 (1992) 
EP1108790 


A47044 
L01508 
AX127150 


ilvBN 


Acetolactate Synthase 
EC 4.1.3.18 


Keilhauer et al., 
Journal of Bacteriology 


L09232 
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(acetolactate synthase) 


175(17) -.5595-603 (1993) 
EP1108790 


AX127147 




EC Xa!L»l>86 
(ketol-acid 
reductoisomerase) 


j\ei±nauer eu ai . , 
Journal of Bacteriology 
175(17) :5595-603 (1993) 
EP1108790 


AX127147 


1-L VU 


Di nyoxoxy- ac ici 

Dehydratase 

EC 4.2,1.9 

( ainydroxy *- aci a 

dehydratase) 


EP100ol89 


AX136925 


luxR 


Transcription Regulator 
LuxR 

(transcription regulator 
LuxR) 


WO0100842 
EP1108790 


AX065953 
AX123320 


luxS 


Histidine Kinase LuxS 
(histidine kinase LuxS) 


EP1108790 


AX123323 
AX127153 


lysRl 


Transcription Regulator 
LysRl 

(transcription regulator 
LysRl ) 


EP1108790 


AX064673 
AX127144 


lysR2 


•Transcription Activator 
LysR2 

(transcription regulator 
LysR2 ) 


EP1108790 

m 


AX123312 


lysR3 


Transcription Regulator 
LysR3 

(transcription regulator 

LysR3 ) 


WO0100B42 
EP1108790 


AX065957 
AX127150 


indh 


Malate Dehydrogenase 

EC 1.1.1.37 

(malate dehydrogenase) 


WO0100844 


AX064895 


menE 


0-Succinylbenzoic Acid 
CoA Ligase 
EC 6.2.1.26 

(O-succinylbenzoate CoA 
ligase) 


WO0100843 
EP1108790 


AX064599 
AX064193 
AX127144 




Homoserine 0- 
Acety 1 trans f erase 
EC 2.3.1.31 
(homoserine 0- 

acecyxcransr erase; 


Park et al , , Molecular 
Cells 30;8(3) :286-94 
(1998) 
WO0100843 


AX063895 
AX127145 


xnetD 


Trcinscription Regulator 
MetD 

( uranscrxpuion reguxauor 
MetD) 


EP1108790 


AX123327 
AX127153 


pck 


Phosphoenol Pyruvate 
Carboxykinas e 

('ohostihfits'nol nvnivat"© 

carboxykinas e) 


WO0100844 


AJ269506 
AX065053 


poxB 


Pyruvate Oxidase 
EC 1.2.3.3 
(pyruvate oxidase) 


WO0100844 
EP1096013 


AX064959 
AX137665 


sigB 


RNA Polymerase 
Transcription Factor 
(RNA polymerase 
transcription factor) 


EP1108790 


AX127149 
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zwa2 


Cell Growth Factor 2 


EP1106693 


AX113822 




(growth factor 2) 


EP1108790 


AX127146 



The invention accordingly also provides a process for the 
production of coaryneform bacteria which produce L- 
methionine and/or L-threonine, which comprises 

5 a) isolating the nucleotide sequence of at least one 

desired ORF, gene or allele of methionine production 
or threonine production, optionally including the 
expression and/or regulation signals, 

* 

b) providing the 5' and the 3' end of the ORF, gene or 
10 allele with nucleotide sequences of the target site, 

c) preferably incorporating the nucleotide sequence of 
the desired ORF^ gene or allele provided with 
nucleotide sequences of the target site into a vector 
which does not replicate or replicates to only a 

15 limited extent in coryneform bacteria, 

d) transferring the nucleotide sequence according to b) 
or c) into corynefoinm bacteria, and 

e) isolating coryneforxa bacteria in which the nucleotide 
sequence according to a) is incorporated at the target 

20 site, no nucleotide sequence which is capable. 

of/enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which imparts 
resistance to antibiotics remaining at the target 

25 site. 

The invention furthermore provides corynefom bacteria, in 
particular of the genus Co3:ynebacterium, which produce L- 
valine, wherein these have, in addition to at least one of 
the copy of an open reading frame (ORF) , gene or allele of 
30 valine production present at the natural site (locus), in 
each case a second, optionally third or fourth copy of the 
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open reading frame (ORF) , gene or allele in question at in 
each case a second, optionally third or fourth site in 
integrated form, no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which imparts 
resistance to antibiotics being present at the particular 
second, optionally third or fourth site. 

The invention also furthermore provides a process for the 
preparation of L- valine, which comprises the following 
steps : 

a) fermentation of coryneform bacteria, in particular 
Corynebacterium glutamicum, characterized in that 
these have, in addition to at least one of the copy of 
an open reading frame (ORF) , gene or allele of valine 
production present at the natural site (locus) , in 
each case a second, optionally third or fourth copy of 
the open reading frame (ORF) , gene or allele in 
question. at in each case a second, optionally third or 
fourth site in integrated form, no nucleotide sequence 
which is capable of /enables episomal replication in 
microorganisms, no nucleotide sequence which is 
capable of/enables transposition and no nucleotide 
sequence which imparts resistance to antibiotics being 
present at the particular second, optionally third or 
fourth site, 

under conditions which allow e3<pression of the said 
open reading frames (ORF) , genes or alleles, 

b) concentration of the L-valine in the fermentation 
broth, 

c) isolation of the L-valine from the fermentation broth, 
optionally 
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d) with constituents from the fermentation broth and/or* 
the biomass to the extent of > (greater than) 0 to 
100%. 

A "copy of an open reading frame (ORF) , gene or allele of 
5 valine production" is to be understood as meaning all the 
open reading frames, genes or alleles of which 
enhancement/over-expression can have the effect of 
improving valine production. 

These include, inter alia, the following open reading 
10 frames, genes or alleles: bmE, bmF, bmEF, cstA, cysD, 
dps, eno, fda, gap, gap2, gdh, ilvB, ilvN, ilvBN, ilvC, 
ilvD, ilvE msiK, pgk, ptsH, ptsi, ptsM, sigC, sigD, sigE, 
sigH, sigM, tpi, zwal. These are siimmarized and explained 
in Table 8. These include in particular the acetolactate 
15 synthase which codes for a valine-resistant . 

The second, optionally third or fourth copy of the open 
reading frame (ORF) , gene or allele of threonine production 
in question can be integrated at in each case a second, 
optionally third or fourth site. The following open reading 
20 frames, genes or nucleotide sequences, inter alia, can be 
used for this: aecD, ccpAl, ccpA2, citA, citB, citE, ddh, 
gluA, gluB, gluC, gl\iD, glyA, ilvA, luxR, lysRl, lysR2, 
lysR3, pans, panC, poxB and zwa2. These are summarized and 
explained in Table 9. 

25 The sites mentioned include, of course, not only the coding 

4 

regions of the open reading frames or genes mentioned, but 
also the regions or nucleotide sequences lying upstream 
which are responsible for expression euid regulation, such 
as, for example, ribosome binding sites, promoters, binding 
30 sites for regulatory proteins, binding sites for regulatory 
ribonucleic acids and attenuators. These regions in general 
lie in a range of 1-800, 1-600, 1-400, 1-200, 1-100 or 1-50 
nucleotides upstream of the coding region. In the same way, 
regions lying downstream, such as, for ex^ple, 
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transcription terminators, are also included. These regions 
in general lie in a range of 1-400, 1-200, 1-lOQ, 1-50 or 
1-25 nucleotides downstream of the coding region • 

Intergenic regions in the chromosome, that is to say 
nucleotide sequences without a coding function, can 
furthermore be used. Finally, prophages or defective phages 
contained in the chromosome can be used for this. 
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Table 8 



Open reading frames, genes and alleles of valine production 



1 Name 


Description of the coded enzyme or 

protein 


Reference 


Access 
Number 


bmEF 


Export of branched-chain amino 
acids 

\ Aiiix ctu^ixeu cxiOkXn cunxno aciQ e^^orc^ 


EP1096010 

KennerKnecnu et 
al., NCBI 


AF454053 


est A 


Carbon Starvation Protein A 
(carbon starvation protein A) 


EP1108790 
WO0100804 


AX120811 
AX066109 


1 dps 


DNA Protection Protein 
(protection during starvation 

protein) 


EP1108790 


AX127153 


1 eno 


Bnolase 

EC 4.2.1.11 

(enolase) 


EP1108790 

WO0100844 

EP1090998 

Hermann et al . , 

El ec t rophor es i s 

19:3217-3221 

(1998) 


AX127146 
AX064945 
AX136862 


£da 


Fructose Bisphosphate Aldolase 
EC 4.1.2.13 

(fructose bisphosphate aldolase) 


van der Osten et 
al . , Molecular 
Microbiology 
3 : 1625-1637 
(1989) 


X17313 

• 


gap 


Glyceraldehyde 3 -Phosphate 

Dehydrogenase 

EC 1.2.1.12 

(glyceraldehyde 3 -phosphate 
dehydrogenase ) 


EP1108790 

WO0100844 

Eikmanns et al . , 

Journal of 

Bacteriology 

174:6076- 

6086(1992) 


AX127148 
AX064941 
X59403 


1 yap^ 


oiyceraiuenycie j*>pnospnace 
Dehydr ogenas e 
EC 1.2.1.12 

(glyceraldehyde 3 -phosphate 
dehydrogenase 2) 


£PJ.10o79U 
W00100844 


AX127146 
AX064939 


gdh 


Glutamate Dehydrogenase 

v>r* 1 A '\ A 
ISL X . 4 . J. . 4 

(glutamate dehydrogenase) 


EP1108790 

WUUlUUo44 

Boermann et al . , 
Molecular 
Microbiology 
6:317-326 
(1992) ; 

Guyonvarch et 

al . , NCBI 


AX127150 
AX063811 
X59404 

X72855 


ilvBN 


Acetolactate Synthase 
EC 4.1.3.18 

(acetolactate synthase) 


Keilhauer et 
al . / Journal of 
Bacteriology 
175(17) :5595-603 
(1993) 
EP1108790 


li09232 

AX127147 


ilvC 


Isomer or eductase 
EC 1.1.1.86 


Keilhauer et 
al . , Journal of 


C48648 
AX127147 
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(acetohydroxy acid 
X souier o jTecLuc cas e ) 


Bacteriology 

:Db9D-D03 

(1993) 

EPJLlUo / y U 




ilvD 


Dihydroxy-acid Dehydratase 
EC 4.2.1.S 

(dihydroxy acid dehydratase) 


EP1006189 


AX136925 


ilvE 


Transaminase B 
EC 2.6.1.42 

(trauisaminase B) 


EP1108790 


AX127150 
AX122498 


mslK 


Sugar Importer 

(multxple sugar import protein) 


EP1108790. 


AX120892 


pgk 


Phosphoglycerate Kinase 
EC 2.7.2.3 

(phosphoglycerate kinase) 


EP1108790 

W00100844 
Eikmanns, 
Journal of 
Bacteriology 
174:6076-6086 

J «• tf*% fS k 

(1992) 


AX121838 
AX127148 
AX064943 
X59403 


ptsH 


Phosphotransferase System Protein H 
EC 2.7.1.69 

(phosphotransferase system 
component H) 


EP1108790 
WO0100844 


AX122210 
AX127149 
AX069154 


ptsi 


Phosphotransferase System Enzyme I 
EC 2.7.3.9 

(phosphotransferase system 
enzyme I) 


EP1108790 


AX122206 
AX127149 


ptsM 


Glucose- spec i f i c Phospho trans f eras e 
System Enzyme II 
EC 2.7.1.69 

(glucose phosphotransferase- system 
enzyme II) 


Lee et al . , FEMS 
Microbiology 
Letters 119 
(1-2) :137-145 
(1994) 


L18874 


sigC 


Sigma Factor C 
EC 2.7.7.6 

(extracytoplasmic function 
alternative sigma factor C) 


EP1108790 


AX120368 
AX120085 


sigD 


RNA Polymerase Sigma Factor D 

O "7 T ^ 
EC i2 . / . / . O 

(RNA polymerase sigma factor) 


EP1108790 


AX120753 
AXl^ /X44 


sigE 


Sigma Factor E 

EC ^ • / . / . O 

(extracytoplasmic function 
alternative sigma factor E) 


EP1108790 


AX127146 
AXlzl Jzb 


sigH 


Sigma Factor H 

EC 2.7.7.6 

(Sigma tactor SigH) 


EP1108790 


AX127145 
AX120939 


sigM 


Sigma Factor M 
(sigma factor SigM) 


EP1108790 


AX123500 


tpi 

m 


Triose Phosphate Isomerase 
EC 5.3.1.1 

(triose phosphate isomerase) 


Eilananns, 
Journal of 
Bacteriology 
174:6076-6086 
(1992) 


X59403 


zwal 


Cell Growth Factor 1 
(growth factor 1) 


EP1111062 


AX133781 
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Table 9 



Target sites for integration of open reading frames, genes 

and alleles of valine production 



Gene 
name 


Description of the coded 
enzyme or protein 


Reference 


Access 
Number 


aecD 


beta C-S Lyase 
EC 2.6.1.1 

(beta C-S lyase) 


Rosso 1 et al . , Journal 
of Bacteriology 

174 (9) :2968-77 (1992) 


M89931 


ccdAI 


Catabolite Control 
Protein 

(catabolite control 
protein Al) 


WO0100844 
EP1108790 


AX065267 

AX127147 


ccpA2 


Catabolite Control 
Protein 

(catabolite control 
protein A2> 


WO0100844 
EP1108790 


AX065267 
AX121594 


citA 


Sensor Kinase CitA 
(sensor kinase CitA) 


EP1108790 


AX120161 


citB 


Transcription Regrulator 
CitB 

(transcription regulator 
CitB) 


EP1108790 


AX120163 


citE 


Citrate Lyase 
EC 4.1.3.6 
(citrate lyase) 


WO0100844 
EP1108790 


AX065421 
AX127146 


ddh 


Di aminopimelat e 

Dehydrogenase 

EC 1.4.1.16 

( diaminopimelate 

dehydrogenase) 


Xshino et al . , Nucleic 
Acids Research 15: 3917 
(1987) 
EP1108790 


S07384 
AX127152 


glxiA 


Glutamate Transport ATP- 
binding Protein 
(glutamate transport ATP- 

binding protein) 


Kronemeyer et al . / 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


gluB 


Glutamate-binding Protein 
( glutamate-binding 
protein) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


glue 


Glutamate Transport 
Permease 

(glutamate transport 
system permease) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X81191 


gluD 


Glutamate Transport 
Permease 

(glutamate trcinsport 
system permease) 


Kronemeyer et al . , 
Journal of Bacteriology 
177(5) :1152-8 (1995) 


X61191 


glyA 


Glycine 

Hydroxymethyltransf erase 
EC 2.1.2.1 

(glycine 

hydroxymethyl transferase) 


WO0100843 


AX063861 
AF327063 


ilvA 


Threonine Dehydratase 
EC 4.2.1.16 

(threonine dehydratase) 


Moc}cel et al . , Journal 
of Bacteriology 174 

(24), 8065-8072 (1992) 


A47044 
L01508 

AX127150 



wo 03/040373 



49 



PCT/EP02/OS464 







EP1108790 




lUXR 


Transcription Regulator 
LuxR 

(transcription regulator 
IiuxR) 


WO0100842 
EP1108790 


AX065953 
AX123320 


lysRl 


Transcription Regulator 
LysRl 

(transcription regulator 
LysRl) 


EP1108790 


AX064673 
AX127144 


lysR2 


Transcription Activator 
LysR2 

(transcription regulator 
LysR2 ) 


EP1108790 


AX123312 


lysR3 


Transcription Regulator 
LysR3 

(transcription regulator 
LysR3 ) 


WO010D842 
EP1108790 


AX065957 
AX127150 


paxiB 


Ketopantoate 

Hydroxyme thyl trans f erase 

EC 2. 1. 2. 11 

( ketopantoate 

hydroxyme thy 1 trans f erase ) 


US6177264 


X96580 


panC 


Pantothenate Synthetase 
EC 6.3.2.1 

(pantothenate synthetase) 


US6177264 


X96580 


poxB 


Pyruvate Oxidase 
EC 1.2.3.3 
(pyruvate oxidase) 


WO0100844 
EP1096013 


AX064959 
AX137665 


zwa2 


Cell Growth Factor 2 

(grovrth factor 2) 


EP1106693 
EP1108790 


AX113822 
AX127146 



The invention accordingly also provides a process for the 
production of coryneform bacteria which produce L--valine^ 
which comprises 

a) isolating the nucleotide sequence of at least one 
desired ORF, gene or allele of valine production^ 
optionally including the expression and/or regulation 
signals, 

b) providing the 5* and the 3' end of the ORF, gene or 
allele with nucleotide sequences of the target site, 

c) preferably incorporating the nucleotide sequence of 
the desired ORF, gene or allele provided with 
nucleotide sequences of the target site into a vector 
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which does not replicate or replicates to only a 
limited extent in coryneform bacteria, 

transferring the nucleotide sequence according to b) 
or c) into coryneform bacteria, and 

isolating coryneform bacteria in which the nucleotide 
sequence according to a) is incorporated at the target 
site, no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which imparts 
resistance to antibiotics remaining at the target 
site. 

During work on the present invention, it was possible to 
incorporate a second copy of an lysC^^ allele into the gluB 

15 gene of Corynebacterium glutamicum such that no nucleotide 
sequence which is capable of /enables episomal replication 
in microorganisms, no nucleotide sequence which is capable 
of /enables transposition and no nucleotide sequence which 
imparts resistance to antibiotics remained at the gluB gene 

20 site. This strain, which is called DSMl3994glu: rlysC, 

carries the lysC^^ allele lysC T311I at its natural lysC 
site and a second copy of the lysC^^ allele lysC T311I at a 
second site (target site) , namely the gluB gene. A plasmid 
with the aid of which the incorporation of the lysC^^^ 

25 allele into the gluB gene can be achieved is shown in 
Figure 1. It carries the name pK18mobsacBglul„l . 

During work on the present invention, it was furthermore 
possible to incorporate a copy of an lysC™^ allele into the 
target site of the gluB gene of Corynebacterium glutamicum 
30 such that no nucleotide sequence which is capable 

of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which imparts 
resistance to antibiotics remained' at the gluB gene site. 



d) 

5 e) 

10 
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This Strain, which is called DSMl2866glu: :lysC, carries the 
wild- type form of the lysC gene at its natural lysC site 
and a second copy of the lysC gene in the form of the 
Iyqqpbk allele lysc T311I at a second site (target site), 
5 namely the gluB gene. It has been deposited under n\iinber 
DSM15039 at the Deutsche Saimnlung fur Mikroorganismen und 
Zellkulturen (German Collection of Microorganisms and Cell 
Cultures) , A plasmid with the aid of which the 
incorporation of the lysC^^^ allele into the gluB gene can 
10 be achieved is shown in Figure 1. It carries the name 
pKl8mobsa.cBglul_l • 

During work on the present invention, it was furthermore 
possible to incorporate a copy of an lysC^^^ allele into the 
target site of the aecD gene of Corynebacterium glutamicum 

15 such that no nucleotide seqpience which is capable 

of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of/ enables 
transposition and no nucleotide sequence which imparts 
resistance to antibiotics remained at the aecD gene site. 

20 This strain, which is called DSMl2866aecD: :lysC, carries 
the wild-type form of the lysC gene at its natural lysC 
site and a second copy of the lysC gene in the form of the 
lysC^®^ allele lysC T311I at a second site (target site), 
namely the aecD gene. A plasmid with the aid of which the 

25 incorporation of the lysC^^^ allele into the aecD gene cem 
be achieved is shown in Figure 2. It carries the name 
pK18mobsacBaecDl_l . 

During work on the present invention, it was furthermore 
possible to incorporate a copy of an lysC^^^ allele into the 

30 target site of the pck gene of Corynebacterium glutamicum 
such that no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which imparts 

35 resistance to antibiotics remained at the pck gene site. 
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This strain, which is called DSM12866pck: :lysC, carries the 
wild-type form of the lysC gene at its natural lysC site 
and a second copy of the lysC gene in the form of the 
lysC^^ allele lysC T311I at a second site (target site), 
5 namely the pck gene. A plasmid with the aid of which the 
incorporation into the pck gene can be achieved is shown in 
Figure 3 . It carries the name pKl8mobsacBpckl_l . 

During work on the present invention, it was furthermore 
possible to incorporate a copy of the ddh gene into the 

10 target site of the gluB gene of Corynebacteritam glutamicum 
such that no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /encJ^les 
transposition and no nucleotide sequence which iinparts 

15 resistance to antibiotics remained at the gluB gene site. 
This strain, which is called DSMl2866glu: : ddh, carries a 
copy of the ddh gene at its natural ddh site and a second 
copy of the ddh gene at a second site (target site) , namely 
the gluB gene. A plasmid with the aid of which the 

20 incorporation of the ddh gene into the gluB gene can be 
achieved is shown in Figure 4 . It carries the name 
pK18mobsacBgluB2_l . 

During work on the present invention, it was furthermore 
possible to incorporate a copy of the dapA gene into the 

25 target site of the aecD gene of Corynebacterium glutamicum 
such that no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of/enables 
transposition and no nucleotide sequence which imparts 

30 resistance to antibiotics remained at the aecD gene site. 
This strain, which is called DSM12866aecD: :dapA, carries a 
copy of the dapA gene at its natural dapA site and a second 
copy of the dapA gene at a second site (target site), 
namely the aecD gene. A plasmid with the aid of which the 

35 incorporation of the dapA gene into the aecD gene can be 
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achieved is shown in Figure 5. It carries the name 
pK18inobsacBaecD2_l . 

During work on the present invention, it was furthermore 
possible to incorporate a copy of a pyc allele into the 
5 target site of the pck gene of Corynebacterium glutamicum 
such that no nucleotide sequence which is capable 
of /enables episomal replication in microorganisms, no 
nucleotide sequence which is capable of /enables 
transposition and no nucleotide sequence which imparts 

10 resistance to antibiotics remained at the pck gene site. 
This strain, which is called DSMl2866pck: :pyc, carries a 
copy of the wild- type form of the pyc gene at its natural 
pyc site and a second copy of the pyc gene in the form of 
the pyc allele pyc P458S at a second site (target site), 

15 namely the pck gene. A plasmid with the aid of which the 
incorporation of the pyc allele into the pck gene can be 
achieved is shown in Figure 6. It carries the name 
pKl8mobsacBpckl_3 . 

The coryneform bacteria produced according to the invention 
20 can be cultured continuously or discontinuously in the 
batch process (batch culture) or in the fed batch (feed 
process) or repeated fed batch process (repetitive feed 
process) for the purpose of production of chemical 
compounds. A sxammary of known culture methods is described 
25 in the textbook by Chmiel (Bioprozesstechnik 1. Einfizhrung 
in die Bioverfahrenstechnik (Gustav Fischer Verlag, 
Stuttgart, 1991)) or in the textbook by Storhas 
(Bioreaktoren uad periphere Einrichtungen (Vieweg Verlag, 
Br auns chwei g / Wi esbaden , 1994)). 

30 The culture medium to be used must meet the requirements of 
the particular strains in a suitable manner. Descriptions 
of culture media for various microorganisms are contained 
in the handbook "Manual of Methods for General 
Bacteriology" of the American Society^ for Bacteriology 

35 (Washington D.C., USA, 1981). 
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Sugars and carbohydrates, such as e.g. glucose, sucrose, 
lactose, fructose, maltose, molasses, starch and cellulose, 
oils and fats, such as e.g. soya oil, sunflower oil, 
groundnut oil and coconut fat, fatty acids, such as e.g. 
5 palmitic acid, stearic acid and linoleic acid, alcohols, 
such as e.g. glycerol and etheinol, cind organic acids, such 
as e.g. acetic acid or lactic acid, can be used as the 
source of carbon. These substances can be used individually 
or as a mixture. 

10 Organic nitrogen- containing compounds, such as peptones, 
yeast extract, meat extract, malt extract, corn steep 
liquor, soya bean flour and urea, or inorganic compounds, 
such as ammonium sulfate, ammonium chloride, ammonium 
phosphate, ammonium carbonate and ammonium nitrate, can be 

15 used as the source of nitrogen. The sources of nitrogen can 
be used individually or as a mixture. 

Phosphoric acid, potassitun dihydrogen phosphate or 
dipotassium hydrogen phosphate or the corresponding sodium- 
containing salts can be used as the source of phosphorus. 

20 The culture mediiim must furthermore conprise salts of 

metals, such as e. g. magnesiuun sulfate or iron sulfate, 
which are necessary for growth. Finally, essential growth 
siibstances, such as amino acids and vitamins, can be 
employed in addition to the above-mentioned substances. 

25 Suitable precursors can moreover be added to the culture 
medium. The starting substances mentioned can be added to 
the culture in the form of a single batch, or can be fed in 
during the culture in a suitable manner. 

Basic compounds, such as sodium hydroxide, potassium 
30 hydroxide, ammonia or aqueous ammonia, or acid compounds, 
such as phosphoric acid or sulfuric acid, can be employed 
in a suitable manner to control the pH of the culture. 
Antifoams, such as e.g. fatty acid polyglycbl esters, can 
be employed to control the development of foam. Suitable 
35 substances having a selective action, such as e.g. 
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antibiotics, can be added to the medium to maintain the 
stability of plasmids. To maintain aerobic conditions, 
oxygen or oxygen- containing gas mixtures, such as e.g. air, 
are introduced into the culture. The temperature of the 
5 culture is usually 20^C to 45^0, and preferably 25^0 to 

40^0. Culturing is continued until a maximum of the desired 
chemical compound has foarmed. This target is usually 
reached within 10 hours to 160 hours. 

It has been found that the coiryneform bacteria according to 
10 the invention, in particular the coryneform bacteria which 
produce L-lysine, have an unexpectedly high stability. They 
were stable for at least 10-20, 20-30, 30-40, 40-50, 
preferably at least 50-60, 60-70, 70-80 and 80-90 
generations or cell division cycles. 

15 The following microorganisms have been deposited: 

The strain Corynebacterixam glutamicum DSM12866glu: :lysC was 
deposited in the form of a pure culture on 5th June 2002 
under number DSM15039 at the Deutsche Sammlung ftir 
Mikroorganismen und Zellkulturen (DSMZ = German Collection 
20 of Microorganisms and Cell Cultures, Braiinschweig, Germany) 
in accordance with the Budapest Treaty. 

The plasmid pKl8mobsacBglul_l was deposited in the form of 
a p\xre culture of the strain E. coli 
DHSccmcr /pKl8mobsacBglul_l ( = 
25 DH5alphamcr/pKl.8mobsacBglul_l) on 20th April 2001 under 
niamber DSM14243 at the Deutsche Sammlung ftir 
Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, 
Germany) in accordance with the Budapest Treaty. 

The plasmid pKl8mobsacBaecDl_l was deposited in the form of 
30 a pure culture of the strain E. coli 
DH5amcr/pKl8mobsacBaecDl_l (= 

DH5alphamcr/pKl8mobsacfiaecDl_l) on 5th June 2002 under, 
number DSM15040 at the Deutsche Sammlung ftir 
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Mi3croorganismen uad Zellkulturen {DSMZ, Braunschweig, 
Germany) in accordance with the Budapest Treaty. 

Exanple 1 

Incorporation of a second copy of the lysC^ allele into 
5 the chromosome of the strain DSM13994 and of the strain 
DSM12866 

The Corynebacterium glutamicum strain DSM13994 was produced 
by multiple, non-directed mutagenesis, selection and mutant 
selection from C. glutamicum ATCC13032. The strain is 

10 resistant to the lysine analogue S- (2-aminoethyl)-L- 
cysteine and has a feed back- resistant aspartate kinase 
which is insensitive to inhibition by a mixture of lysine 
and threonine (in each case 25 mM) . The nucleotide sequence 
of the lysC^^ allele of this strain is shown as SEQ ID 

15 NO: 3. It is also called lysC T311I in the following. The 
amino acid sequence of the aspartate kinase protein coded 
is shown as SEQ ID N0:4. A pure culture of this strain was 
deposited on 16th January 2001 at the Deutsche Saramlung fiir 
Mikroorganismen und Zellkulturen (DSMZ = German Collection 

20 of Microorganisms and Cell Cultures, Braunschweig, Germany) 
in accordance with the Budapest Treaty. 

The strain DSM12866 was produced from C. glutamicum 
ATCC13032 by non-directed mutagenesis and selection of the 
mutants with the best L- lysine accumulation. It is 

25 methionine-sensitive. Growth on minimal medium comprising 
L-methionine can be re-established by addition of 
threonine. This strain has the wild- type form of the lysC 
gene shown as SEQ ID N0:1. The corresponding amino acid 
sequence of the wild-type aspartate kinase protein is shown 

30 as SEQ ID NO: 2. A pure culture of this strain was deposited 
on 10th June 1999 at the Deutsche Saramlung fiir 
Mikroorganismen und Zellkulturen (DSMZ, Braiinschweig, 
Germany) in accordance with the Budapest Treaty. 
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1.1 Isolation and sequencing of the DNA of the lysC 
allele of strain DSM13994 

From the strain DSM13994, chromosomal DNA is isolated by 
the conventional methods (Eikmanns et al.. Microbiology 
5 140: 1817 - 1828 (1994)). With the aid of the polymerase 
chain reaction, a DNA section which carries the lysC gene 
or allele is amplified. On the basis of the sequence of the 
lysC gene known for C. glutamicum (Kalinowski et al., 
Molecular Microbiology, 5 (5), 1197 - 1204 (1991); 
10 Accession Number X57226), the following primer 
oligonucleotides were chosen for the PGR: 

lysClbeg ( SEQ ID No : 5 ) : 

5' TA(6 GAT CC)T CCG GTG TCT GAG GAG GGT G 3" 

lysC2end: (SEQ ID NO: 6): 
15 5^ AG{G GAT CG)G GTG GGA AAT TGC GGT GTT CG 3" 

The primers shown are synthesized by MWG Biotech and the 
PGR reaction is carried out by the standard PGR method of 
Innis et al. (PGR Protocols. A Guide to Methods and 
Applications, 1990, Academic Press) . The primers allow 
20 amplification of a DNA section of approx. 1.7 kb in length, 
which carries the lysG gene or allele. The primers moreover 
contain the sequence for a cleavage site of the restriction 
endonuclease BamHI, which is marked by parentheses in the 
nucleotide sequence shown above. 

25 The amplified DNA fragment of approx. 1.7 kb in length 
which carries the lysC allele of the strain DSM13994 is 
identified by electrophoresis in a 0.8% agarose gel, 
isolated from the gel and purified by conventional methods 
(QIAquick Gel Extraction Kit, Qiagen, Hilden) . 

30 Ligation of the fragment is then carried out by means of 

the Topo TA Gloning Kit (Invitrogen, Leek, The Netherlands, 
Gat. Number K4600-01) in the vector pGRII-TOPO. The 
ligation batch is transformed in the E. coli strain TOPIO 
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(Invitrogen, Leek, The Netherlands) . Selection of plasmid- 
carrying cells is made by plating out the transformation 
batch on kanamycin (50 mg/1) -containing LB agar with X-Gal 
(5-bromo-4-chloro-3-indolyl p-D-galactopyranoside, 
5 64 mg/1) • 

The plasmid obtained is checked by means of restriction 
cleavage, after isolation of the DNA, and identified in 
agarose gel. The resulting plasmid is called pCRIITOPOlysC . 

The nucleotide sequence of the amplified DNA fragment or 
PGR product is determined by the dideoxy chain termination 
method of Sanger et al. (Proceedings of the National 
Academy of Sciences USA, 74:5463-5467 (1977)) using the 
"ABI Prism 377" sequencing apparatus of PE Applied 
Biosys terns (Weiterstadt, Germany) . The sequence of the 
coding region of the PGR product is shown in SEQ ID No: 3. 
The amino acid sequence of the associated aspartate kinase 
protein is shown in SEQ ID NO: 4. 

The base thymine is fotrnd at position 932 of the nucleotide 
sequence of the coding region of the lysC^^ allele of 
strain DSM13994 (SEQ ID NO: 3) . The base cytosine is found 
at the corresponding position of the wild- type gene (SEQ ID 
N0:1) . 

The amino acid isoleucine is found at position 311 of the 
amino acid sequence of the aspartate kinase protein of 
25 strain DSM13994 (SEQ ID No: 4) . The amino acid threonine is 
found at the corresponding position of the wild-type 
protein ( SEQ ID No : 2 ) . 

The lysC allele, which contains the base thymine at 
position 932 of the coding region and accordingly codes for 
30 an aspartate kinase protein which contains the amino acid 
isoleucine at position 311 of the amino acid sequence, is 
called the lysC^^^ allele or lysC T311I in the following. 
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The plasmid pCRIITOPOlysC, which carries the lysC™ allele 
lysc T311I, was deposited in the form of a pure culture of 
the strain E. coli TOP 10/pCRIITOPOlysC under ntunber 
DSM14242 on 20th April 2001 at the Deutsche Sammlung fur 
5 Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, 
Germany) in accordance with the Budapest Treaty. 

1-2 Construction of the replacement vector 
pKl 8mobsacBglul_l 

The Corynebacterium glutamicum strain ATCC13032 is used as 
10 the donor for the chromosomal DNA. From the strain 
ATCC13032, chromosomal DNA is isolated using the 
conventional methods (Eikmanns et al.. Microbiology 140: 
1817 1828 (1994)). With the aid of the polymerase chain 
reaction, a DNA fragment which carries the gluB gene and 
15 surrounding regions is amplified. On the basis of the 
sequence of the gl\iABCD gene cluster known for C. 
glutamicum (Kronemeyer et al . , Journal of Bacteriology, 
177: 1152 - 1158 (1995)) (Accession Number X81191) , the 
following primer oligonucleotides are chosen for the PGR: 

20 gluBgll (SEQ ID NO: 7): 

5" TA(A GAT CT)G TGT TGG ACG TCA TGG CAA G 3' 

gluBgl2 (SEQ ID NO: 8): 

5' AC (A GAT CT)T GAA GCC AAG TAG GGC GAA G 3' 

The primers shown are synthesized by MWG Biotech and the 
25 PGR reaction is carried out by . the standard PGR method of 
innis et al. (PGR Protocols. A Guide to Methods and 
Applications, 1990, Academic Press) . The primers allow 
amplification of a DNA fragment of approx 1.7 kb in size, 
which carries the gluB gene and surrounding regions. The 
30 surrounding regions ard a sequence section approx. 0.33 kb 
in length upstream of the gluB gene, which represents the 
3 * end of the gluA gene, and a sequence section approx. 
0.44 kb in length downstream of the gluB gene, which 



wo 03/040373 



60 



PCT/EP02/08464 



represents the 5' end of the gluC gene. The primers 
moreover contain the sequence for the cleavage site of the 
restriction endonuclease Bglll, which is marked by 
parentheses in the nucleotide sequence shovm above. 

5 The amplified DNA fragment of approx. 1.7 kb in length 
which carries the gluB gene and surrounding regions is 
identified by means of electrophoresis in a 0.8% agarose 
gel cuad isolated from the gel and p\irif ied by conventional 
methods (QIAquick Gel Extraction Kit, Qiagen, Hilden) . 

10 Ligation of the fragment is then carried out by means, of 

the TOPO TA Cloning Kit (Invitrogen, Leek, The Netherlands, 
Cat. Nioinber K4600-01) in the vector pCRII-TOPO, The 
ligation batch is transformed in the E. coli strain TOPIC 
(Invitrogen, Leek, The Netherlands) . Selection of plasmid- 

15 carrying cells is made by plating out the transformation 
batch on kanamycin (50 mg/1) -containing LB agar with X-Gal 
{5-bromo-4-chloro-3-indolyl p-D-galactopyranoside, 
64 mg/1) . 

The plasmid obtained is checked by means of restriction 
20 cleavage, after isolation of the DNA, and identified in 

agarose gel. The resulting plasmid is called pCRII-TOPOglu. 

The plasmid pCRII-TOPOglu is cleaved with the restriction 
enzyme Bglll (Amersham- Pharmacia, Freiburg, Germany) and 
after separation in an agarose gel (0.8%) with the aid of 

25 the QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) 
the gluB fragment of approx. 1.7 kb is isolated from the 
agarose gel and employed for ligation with the mobilizable 
cloning vector pKlSmobsacB described by Schafer et al. 
(Gene 14: 69-73 (1994)). This is cleaved beforehand with 

30 the restriction enzyme BamHI and dephosphorylated with 
alkaline phosphatase (Alkaline Phosphatase, Boehringer 
Mannheim), mixed with the glxiB fragment of approx. 1.7 kb, 
and the mixture is treated with T4 DNA Ligase (Amersham- 
Pharmacia, Freiburg, Germany) . 
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The E. coli strain DH5a (Grant et al.; Proceedings of the 
National Academy of Sciences USA, 87 (1990) 4645-4649) is 
then transformed with the ligation batch (Hanahan, In. DNA 
Cloning. A Practical Approach. Vol. 1, ILR-Press, Cold 
5 Spring Harbor/ New York, 1989). Selection of plasmid- 
carrying cells is made by plating out the transformation 
batch on LB agar (Sambrook et al.. Molecular Cloning: A 
Laboratory Manual. 2'''^ Ed., Cold Spring Harbor, New York, 
1989) , which is supplemented with 50 mg/1 kanaitycin. 

10 Plasmid DNA is isolated from a transformant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and svibsequent agarose gel 
electrophoresis. The plasmid is called pKlSmobsacBglul. 

Plasmid DNA was isolated from the strain DSM14242 (see 
15 Example 1.1), which carries the plasmid pCRIITOPOlysC, and 
cleaved with the restriction enzyme BamHI (Amersham- 
Pharmacia, Freiburg, Germany) , and after separation in an 
agarose gel (0.8%) with the aid of the QIAquick Gel 
Extraction Kit (Qiagen, Hilden, Germany) the lysC^®'^- 
20 containing DNA fragment of approx. 1.7 kb in length was 
isolated from the agarose gel and employed for ligation 
with the vector pKlSmobsacBglul described above. This is 
cleaved beforehand with the restriction enzyme BamHI, 
dephosphorylated with alkaline phosphatase (Alkaline 
25 Phosphatase, Boehringer Mannheim, Germany), mixed with the 
lysC^®^ fragment of approx. 1.7 kb and the mixture is 
treated with T4 DNA Ligase (Amer sham- Pharmacia, Freiburg, 
Germany) . 

< 

The E. coli strain DHSocmcr (Life Technologies GmbH, 
30 Karlsriihe, Germany) is then transformed with the ligation 

batch (Hanahan, In: DNA Cloning. A Practical Approach. Vol. 

1, ILR- Press, Cold Spring Harbor, New York, 1989). 

Selection of plasmid- carrying cells is made by plating out 

the transformation batch on LB agar (Sambrook et al., 
35 Molecular Cloning; A Laboratory Manual. 2"^ Ed., Cold 
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Spring Harbor, New York, 1989), which was supplemented with 
50 mg/l kanaiciycin. 

Plasmid DNA is isolated from a trans formant with the aid of 
the QiAprep Spin Miniprep Kit from Qiagen and checked by 
5 restriction cleavage and subsequent agarose gel 

electrophoresis- The plasmid is called pKl8mobsacBglul_l. A 
map of the plasmid is shown in Figure 1. 

The plasmid pK18mobsacBglul_l was deposited in the form of 
a pure culture of the strain E. coli 
10 DH5(Xmcr/pKl8mobsacBglul_l ( = 

DH5alphamcr/pKl8mobsacBglul_l) under number DSM14243 on 
20-04.2001 at the Deutsche Sammlxing fur Mikroorganismen imd 
Zellkulturen (DSMZ, Braunschweig, Germany) in accordance 
with the Budapest Treaty. 

15 1.3 Incorporation of a second copy of the lysC^^ allele 

lysC T311I into the chromosome (target site: gluB 
gene) of the strain DS3yil3994 by means of the 
replacement vector pKl8mobsacBglul_l 

The vector pKl8mobsacBglul_l described in Example 1.2 is 
20 transferred by the protocol of Schafer et al. (Journal of 
Microbiology 172: 1663-1666 (1990)) into the C. glutamicum 
strain DSM13994 by conjugation. The vector cannot replicate 
independently in DSM13994 and is retained in the cell only 
if it has integrated into the chromosome. Selection of 
25 clones or trans con jugants with integrated pKl8mobsacBglul_l 
is made by plating out the conjugation batch on LB agar 
(Sambrook et al.. Molecular Cloning: A Laboratory Manual. 
2"*^ Ed., Cold Spring Harbor, New York, 1989), which is 
supplemented with 15 mg/l kanamycin and 50 mg/l nalidixic 
30 acid. Kanamycin- resistant transcon jugants are plated out on 
LB agar plates with 25 mg/l kanamycin and inciibated for 48 
hours at 33 °C. 
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For selection of mutants in which excision of the plasmid 
has taken place as a consequence of a second recombination 
event, the clones are cultured for 20 hours in LB liquid 
medium and then plated out on LB agar with 10% sucrose and 
incubated for 48 hours. 

The. plasmid pKl8mobsacBglul_l, like the starting plasmid 
pKlSmobsacB, contains, in addition to the kanamycin 
resistance gene, a copy of the sacB gene which codes for 
levan sucrase from Bacillus subtilis. The expression which 
can be induced by sucrose leads to the formation of levan 
sucrase, which catalyses the synthesis of the product' 
levan, which is toxic to C. glutamicum. Only those clones 
in which the integrated pK18mobsacBglul_l has excised as 
the consequence of a second recombination event therefore 
grow on LB agar. Depending on the position of the second 
recombination event, after the excision the second copy of 
the lysC^^ allele manifests itself in the chromosome at the 
gluB locus, or the original gluB locus of the host remains. 

Approximately 40 to 50 colonies are tested for the 
phenotype "growth in the presence of sucrose" and "non- 
growth in the presence of kanamycin". Approximately 20 
colonies which show the phenotype "growth in the presence 
of sucrose" and "non-growth in the presence of kanamycin" 
are investigated with the. aid of the polymerase chain 
reaction. A DNA fragment which carries the gluB gene and 
surrounding regions is amplified here from the chromosomal 
DNA of the colonies. The same primer oligonucleotides as 
are described in Example 1.2 for the construction of the 
integration plasmid are chosen for the PGR. 

gluBgll (SEQ ID NO: 7) : 

5^ TA{A GAT CT)G TOT TGG ACQ TCA TGG CAA G 3^ 
gluBgl2 (SEQ ID NO: 8) : 

5" AC (A GAT CT)T GAA GCC AAG TAG GGC CAA G 3' 
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The primers allow amplification of a DNA fragment approx. 
1.7 kb in size in control clones with the original gluB 
locus. In clones with a second copy of the lysC^®^ allele in 
the chromosome at the gluB locus, DNA fragments with a size 
of approx. 3.4 kb are amplified. 

The amplified DNA fragments are identified by means of 
electrophoresis in a 0.8% agarose gel, 

A clone which, in addition to the copy present at the lysC 
locus, has a second copy of the lysC™ allele lysC T311I at 
the gluB locus in the chromosome was identified in this 
manner. This clone was called strain DSMl3994glu: :lysC. 

1.4 Incorporation of a second copy of the lysC gene in 
the form of the lysC^^^ allele lysC T311I into the 
chromosome (target site: gluB gene) of the strain 
DSM12866 by means of the replacement vector 
pKl 8mobsacBglul_l 

As described in Example 1.3, the plasmid pKl8mobsacBglul_l 
is transferred into the C. glutamicum strain DSM12866 by 
conjugation- A clone which, in addition to the copy of the 
wild- type gene present at the lysC locus, has a second copy 
of the lysC gene in the form of the lysC^®^ allele lysC 
T311I at the gluB locus in the chromosome was identified in 
the manner described in 1.3. This clone was called strain 
DSMl2866glu: :lysC. 

The Corynebacterium glutamicum strain according to the 
invention which carries a second copy of an lysC™ allele 
in the gluB gene was deposited in the form of a pure 
culture of the strain Corynebacterium glutamicum 
DSM12866glu: :lysC on 5th June 2002 under number DSM15039 at 
the Deutsche Sammlung fur Mikroorganismen und Zellkulturen 
(DSMZ, Braunschweig, Germany) in accordance with the 
Budapest Treaty. 
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1.5 Construction of the replacement vector 
pKl 8mobsacBpckl_l 

The Corynebacterium glutamiciim strain ATCC13032 is used as 
the donor for the chromosomal DNA. From the strain 
5 ATCC13032, chromosomal DNA is isolated using the 

conventional methods (Eikmanns et al.. Microbiology 140: 
1817 - 1828 (1994)). With the aid of the polymerase chain 
reaction, a DNA fragment which carries the pck gene and 
surroiinding regions is amplified. On the basis of the 
10 sequence of the pck gene Icnown for C. glutamicum (EP1094111 
and Riedel et al . , Journal of Molecular and Microbiological 
Biotechnology 3:573-583 (2001)) (Accession Number 
AJ269506), the following primer oligonucleotides are chosen 
for the PGR: 

15 pck_beg (SEQ ID NO: 9) : 

5' TA{A GAT CT) G CCG GCA TGA CTT GAG TTT 3' 

pck_end (SEQ ID NO: 10) : 

5^ AC (A GAT CT) G GTG GGA GCC TTT CTT GTT ATT3 ' 

The primers shown are synthesized by MWG Biotech and the 
20 PGR reaction is carried out by the standard PGR method of 
Innis et al. (PGR Protocols. A Guide to Methods and 
Applications, 1990, Academic Press). The primers allow 
amplification of a DNA fragment of approx.2.9 kb in size, 
which carries the pck gene and adjacent regions. The 
25 primers moreover contain the sequence for the cleavage site 
of the restriction endonuclease Bglll, which is marked by 
parentheses in the nucleotide sequence shown above. 

The amplified DNA fragment of approx. 2.9 kb in length 
which carries the pck gene and surroimding regions is 
30 identified by means of electrophoresis in a 0.8% agarose 
gel and isolated from the gel and purified by conventional 
methods (QIAquick Gel Extraction Kit, Qiagen, Hilden) . 
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Ligation of the fragment is then carried out by means of 
the TOPO TA Cloning Kit (Invitrogen, Leek, The Netherlands', 
Cat. Nxamber K4600-01) in the vector pCRII-TOPO. The 
ligation batch is transformed in the E. coli strain TOPlO 
5 (Invitrogen, Leek, The Netherlands) . Selection of plasmid- 
carrying cells is made by plating out the transformation 
batch on kanamycin (50 mg/1) -containing LB agar with X-Gal 
(64 mg/1) . 

The plasmid obtained is checked by means of restriction 
10 cleavage, after isolation of the DNA, and identified in 

agarose gel. The resulting plasmid is called pCRII-TOPOpck. 

The plasmid pCRII-TOPOpck is cleaved with the restriction 
enzyme Bglll (Amersham- Pharmacia, Freiburg, Germany) and 
after separation in an agarose gel (0.8%) with the aid of 

15 the QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) 
the pck fragment of approx. 2.9 kb is isolated from the 
agarose gel and employed for ligation with the mobilizable 
cloning vector pKlSmobsacB described by Schafer et al. 
(Gene 14: 69-73 (1994)). This is cleaved beforehand with 

20 the restriction enzyme BamHI and dephosphorylated with 
alkaline phosphatase (Alkaline Phosphatase, Boehringer 
Mannheim), mixed with the pck fragment of approx. 2.9 kb, 
and the mixture is treated with T4 DNA Ligase (Amersham- 
Pharmacia, Freiburg, Germany) . 

25 The E. coli Strain DH5a (Grant et al.; Proceedings of the 
National Academy of Sciences USA, 87 (1990) 4645-4649) is 
then transformed with the ligation batch (Hanahan, In. DNA 
Cloning. A Practical Approach. Vol. 1, ILR- Press, Cold 
Spring Harbor, New York, 1989) Selection of plasmid- 

30 carrying cells is made by plating out the transformation 
batch on LB agar (Sambrook et al., Molecular Cloning: A 
Laboratory Manual. 2^^ Ed., Cold Spring Harbor, New York, 
1989), which is supplemented with 50 mg/1 kanamycin. 
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Plasniid DNA is isolated from a transf ormant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and sxabsequent agarose gel 
electrophoresis. The plasmid is called pKlSmobsacBpckl. 

Plasmid DNA was isolated from the strain DSM14242 (see 
Exan5)le 1.1). which carries the plasmid pCRIITOPOlysC, and 
cleaved with the restriction enzyme BamHI (Amersham- 
Pharmacia, Freiburg, Germany) , and after separation in an 
agarose gel (0.8%) with the aid of the QiAguick Gel 
Extraction Kit (Qiagen, Hildaa, Germany) the lysC™^- 
containing DNA fragment approx. 1.7 kb long was isolated 
from the agarose gel and employed for ligation with the 
vector pKlSmobsacBpckl described above. This is cleaved 
beforehand with the restriction enzyme BamHI, 
dephosphorylated with alkaline phosphatase (Alkaline 
Phosphatase, Boehringer Mannheim, Germany) , mixed with the 
lysC^^ fragment of approx. 1.7 kb and the mixture is 
treated with T4 DNA Ligase (Amersham- Pharmacia, Freiburg, 

Genticiny) . 

The E. coli strain DHSoancr (Life Technologies QnbH, 
Karlsruhe, Germany) is then transformed with the ligation 
batch (Hanahan, In: DNA Cloning. A Practical Approach. Vol. 
1, ILR-Press, Cold Spring Harbor, New York, 1989). 
Selection of plasmid- carrying cells is made by plating out 
the transformation batch on LB agar (Sambrook et al.. 
Molecular Cloning: A Laboratory Manual. 2""^ Ed., Cold 
Spring Harbor, New York, 1989), which was supplemented with 
50 mg/1 kanamycin. 

Plasmid DNA is isolated from a transformant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and siibsequent agarose gel 
electrophoresis . The plasmid is called pKl8mobdsacBpckl_l . 
A map of the plasmid is shown in Figure 3. 
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1.6 Incorporation of a second copy of the lysC gene in 
the form of the lysC^^ allele lysC T311I into the 
chromosome (target site: pck gene) of the strain 
DSM12866 by means of the replacement vector 
5 pKl8mobsacBpckl_l 

As described in Example 1.3, the plasmid pKl8mobsacBpckl_l. 
described in Example 1.5 is transferred into the C. 
glutamicxom strain DSM12866 by conjugation. Selection is 
made for targeted recombination events in the chromosome of 
10 C. glutamicum DSM12866 as described in Example 1.3. 
Depending on the position of the second recombination 
event, after the excision the second copy of the lysC™ 
allele manifests itself in the chromosome at the pck locus, 
or the original pck locus of the host remains. 

15 Approximately 40 to 50 colonies are tested for the 

phenotype "growth in the presence of sucrose" and "non- 
growth in the presence of kanamycin" . Approximately 20 
colonies which show the phenotype "growth in the presence 
of sucrose" and "non-growth in the presence of kanamycin" 

20 are investigated with the aid of the polymerase chain 
reaction. A DNA fragment which carries the pck gene and 
surrounding regions is amplified here from the chromosomal 
DNA of the colonies. The same primer oligonucleotides as 
are described in Example 1.5 for the construction of the 

25 integration plasmid are chosen for the PGR. 

pckj^eg (SEQ ID NO: 9): 

5' TA(A GAT CT) G CCG GCA TGA CTT CAG TTT 3' 
pck„end (SEQ ID NO: 10): 

5^ AC (A GAT CT) G GTG GGA GCC TTT CTT GTT ATT3 ^ 

30 The primers allow amplification of a DNA fragment approx. 
2.9 kb in size in control clones with the original pck 
locus. In clones with a second copy of the lysC^®^ allele in 
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the chromosome at the pck locus, DNA fragments with a size 
of approx. 4.6 kb are amplified. 

The airplified DNA fragments are identified by means of 
electrophoresis in a 0.8% agarose gel- 

5 A clone which, in addition to the copy of the wild- type 
gene present at the lysC locus, has a second copy of the 
lysC gene in the form of the lysC^^^ allele lysC T311I at 
the pck locus in the chromosome was identified in this 
manner. This clone was called strain DSMl2866pck: :lysC. 

10 1.7 Construction of the replacement vector 

pKl 8mobsacBaecDl_l 

The Corynebacterium glutamicum strain ATCC13032 is used as 
the donor for the chromosomal DNA. From the strain 
ATCC13032, chromosomal DNA is isolated using the 

15 conventional methods (Eikmanns et al.. Microbiology 140: 
1817 - 1828 (1994)). With the aid of the polymerase chain 
reaction, a DNA fragment which carries the aecD gene and 
surrounding regions is amplified. On the basis of the 
sequence of the aecD gene known for C. glutamicum (Rossol 

20 et al.. Journal of Bacteriology 174:2968-2977 (1992)) 
(Accession Number M89931) , the following primer 
oligonucleotides are chosen for the PGR: 

aecDj^eg (SEQ ID NO: 11): 

5' GAA CTT ACG CCA AGC TGT TC 3' 

25 aecD^end (SEQ ID NO: 12) : 

5' AGC ACC ACA ATC AAC GTG AG 3" 

The primers shown are synthesized by MWG Biotech and the 
PGR reaction is carried out by the standard PGR method of 
Innis et al. (PGR Protocols. A Guide to Methods and 
30 Applications, 1990, Academic Press). The primers allow 

aii5)lification of a DNA fragment of approx 2.1 kb in size, 
which carries the aecD gene and adjacent regions. 
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The amplified DNA fragment of approx. 2.1 kb in length is 
identified by means of electrophoresis in a 0.8% agarose 
gel and isolated from the gel and purified by conventional 
methods (QIAquick Gel Extraction Kit, Qiagen, Hilden) . 

5 The DNA fragment purified is cleaved with the restriction 
enzyme BamHI and EcoRV (Amersham Pharmacia, Freiburg, 
Germany) . The ligation of the fragment in the vector pUCl8 
then takes place (Norrander et al.. Gene 26:101-106 
(1983)). This is cleaved beforehand with the restriction 

10 enzymes Bglll and Smal, dephosphorylated, mixed with the 
aecD-carrying fragment of approx. 1.5 kb, and the mixture 
is treated with T4 DNA Ligase (Amersham- Pharmacia, 
Freiburg, Germany) . The ligation batch is transformed in 
the E. coli strain TOPIO (Invitrogen, Leek, The 

15 Netherlands). Selection of pi asmid- carrying cells is made 
by plating out the transformation batch on kanamycin 
(50 mg/1) -containing LB agar with X-Gal (64 mg/1) . 

The plasmid obtained is checked by means of restriction 
cleavage, after isolation of the DNA, and identified in 
20 agarose gel. The resulting plasmid is called pUClSaecD. 

Plasmid DNA was isolated from the strain DSM14242 (see 
Exan5>le 1.1) which carries the plasmid pCRIITOPOlysC and 
cleaved with the restriction enzyme BamHI (Amersham- 
Pharmacia, Freiburg, Germany) and then treated with Klenow 

25 polymerase. After separation in an agarose gel (0,8%) with 
the aid of the QIAquick Gel Extraction Kit (Qiagen, Hilden, 
Germany) the lysC^^-containing DNA fragment approx. 1.7 kb 
in length is isolated from the agarose gel and employed for 
ligation with the vector pUClSaecD described above. This is 

30 cleaved beforehand with the restriction enzyme StuI, 
dephosphorylated with alkaline phosphatase (Alkaline 
Phosphatase, Boehringer Mannheim, Germany) , mixed with the 
lysC™ fragment of approx. 1.7 kb and the mixture is 
treated with T4 DNA Ligase (Amersham- Pharmacia, Freiburg, 

35 Germany) . 
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The E. coli strain DHSomcr (Life Technologies canbH, 
Karlsruhe, Germany) is then transformed with the ligation 
batch (Hanahan, In: DNA Cloning, A Practical Approach. Vol. 
1, ILR- Press, Cold Spring Harbor, New York, 1989). 
5 Selection of plasmid- carrying cells is made by plating out 
the transformation batch on LB agar (Sambrook et al.. 
Molecular Cloning: A Laboratory Manual. 2 Ed., Cold 
Spring Harbor. New York, 1989), which was supplemented with 
50 mg/l kanamycin. 

10 Plasmid DNA is isolated from a transformant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and sxibsequent agarose gel 
electrophoresis. The plasmid is called pUClSaecDl. 

The plasmid pUClSaecDl is cleaved with the restriction 
15 enzyme Kpnl and then treated with Klenow polymerase. The 
plasmid is then cleaved with the restriction enzyme Sail 
(Amersham-Pliarmacia, Freiburg, Germany) and after 
separation in an agarose gel (0.8%) with the aid of the 
QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) the 
20 fragment of approx. 3.2 kb which carries aecD and lysC is 
isolated from the agarose gel and employed for ligation 
with the mobilizable cloning vector pKlSmobsacB described 
by Schafer et al. (Gene 14: 69-73 (1994)). This is cleaved 
beforehand with the restriction enzymes Smal and Sail and 
25 dephosphorylated with alkaline phosphatase (Alkaline 

Phosphatase, Boehringer Mannheim) , mixed with the fragment 
of approx. 3.2 kb which carries aecD and lysC, and the 
mixture is treated with T4 DNA Ligase (Amer sham- Pharmacia, 
Freiburg, Germany) . 

30 The E. coli strain DH5a (Grant et al.; Proceedings of the 
National Academy of Sciences USA, 87 (1990) 4645-4649) is 
then transformed with the ligation batch (Hanahan, In. DNA 
Cloning. A Practical Approach. Vol. 1, ILR-Press, Cold 
Spring Harbor, New York, 1989). Selection of plasmid- 

35 carrying cells is made by plating out the transformation 
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batch on LB agar (Sambrook et al.. Molecular Cloning: A 
Laboratory Manual. 2^"^ Ed., Cold Spring Harbor, New York, 
1989), which is supplemented with 50 mg/l kanamycin. 

Plasmid DNA is isolated from a transformant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and subsequent agarose gel 
electrophoresis. The plasmid is called pKl8mobsacBaecDl_l • 
A map of the plasmid is shown in Figure 2. 

The plasmid pKl8mobsacBaecDl_l was deposited in the fom of 
a pure culture of the strain E. coli 
DHSomcr /pKl8mobsacBaecDl„l ( = 

DH5alphamcr/pK18mobsacBaecDl_l) on 5th Jiane 2002 under 
niomber DSM15040 at the Deutsche Sammlimg fur 
Mikroorganismen uxid Zellkulturen (DSMZ, Braunschweig, 
Germany) in accordance with the Budapest Treaty, 

1.8 Incorporation of a second copy of the lysC gene as 
the lysC^^^ allele into -the chromosome (target site: 
aecD gene) of the strain DSM12866 by means of the 
replacement vector pKl8mobsacBaecDl_l 

As described in Example 1.3, the plasmid pKl8mobsacBaecDl_l 
described in Example 1.4 is transferred into the C. 
glutamicum strain DSM12866 by conjugation. Selection is 
made for targeted recombination events in the chromosome of 
C. glutamicuun DSM12866 as described in Example 1.3. 
Depending on the position of the second recombination 
event, after the excision the second copy of the lysC 
allele manifests itself in the chromosome at the aecD 
locus, or the original aecD locus of the host remains. 

Approximately 40 to 50 colonies are tested for the 
phenotype "growth in the presence of sucrose" and "non- 
growth in the presence of kanamycin" • Approximately 20 
colonies which show the phenotype "growth in the presence 
of sucrose" and "non-growth in the presence of kanamycin" 
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are investigated with the aid of the polymerase chain 
reaction. A DNA fragment which carries the aecD gene and 
surrovmding regions is amplified here from the chromosomal 
DNA of the colonies. The same primer oligonucleotides as 
are described in Example 1.7 for the construction of the 
integration plasmid are chosen for the PCR- 

aecD^beg (SEQ ID NO: 11): 

5" GAA CTT ACG CCA AGC TGT TC 3^ 

aecD_end (SEQ ID NO: 12): 

5" AGC ACC ACA ATC AAC GTG AG 3" 

The primers allow amplification of a DNA fragment approx. 
2.1 kb in size in control clones with the original aecD 
locus. In clones with a second copy of the lysC^^ allele in 
the chromosome at the aecD locus, DNA fragments with a size 
of approx. 3.8 kb are amplified. 

The amplified DNA fragments are identified by means of 
electrophoresis in a 0.8% agarose gel. 

A clone which, in addition to the copy of the wild- type 
gene present at the lysC locus, has a second copy of the 
lysC gene in the form of the lysC^®^ allele lysC T311I at 
the aecD locus in the chromosome was identified in this 
manner. This clone was called strain DSMl2866aecD: :lysC. 

Example 2 

Incorporation of a second copy of the ddh gene into the 
chromosome (target site: gluB gene) of the strain DSM12866 

2.1 Construction of the replacement vector 
pKl 8mobs acBgl u2_l 

The Corynebacterixam glutamicum strain ATCC13032 is used as 
the donor for the chromosomal DNA. From the strain 
ATCC13032, chromosomal DNA is isolated using the 
conventional methods (Eikmanns et al.r Microbiology 140: 
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1817 - 1828 (1994)). With the aid of the polymerase chain 
reaction, a DNA fragment which carries the gluB gene and 
surrounding regions is amplified. On the basis of the 
sequence of the gluABCD gene cluster known for C. 
5 glutamicum (Kronemeyer et al . , Journal of Bacteriology, 
177: 1152 - 1158 (1995); EP1108790) (Accession Number 
X81191 and AX127149), the following primer oligonucleotides 
are chosen for the PGR: 

gluA_beg (SEQ ID NO: 13) : 
10 5" CAC GGT TGC TCA TTG TAT CC 3' 

gluD_end (SEQ ID NO: 14): 

5' CGA GGC GAA TCA GAG TTG TT 3 ' 

The primers shown are synthesized by MWG Biotech and the 
PGR reaction is carried out by the standard PGR method of 
15 Innis et al. (PGR Protocols. A Guide to Methods and 

Applications, 1990, Academic Press) . The primers allow 
amplification of a DNA fragment of approx 4.4 kb in size, 
which carries the gluB gene and surrounding regions. 

The amplified DNA fragment is identified by means of 
20 electrophoresis in a 0.8% agarose gel and isolated from the 
gel and purified by conventional methods (QIAquick Gel 
Extraction Kit, Qiagen, Hilden) . 

Ligation of the fragment is then carried out by means of 
the TOPO TA Cloning Kit (Invitrogen, Leek, The Netherlands, 

25 Cat. Number K4600-01) in the vector pGRII-TOPO. The 

ligation batch is transformed in the E. coli strain TOPlO 
(Invitrogen, Leek, The Netherlands) . Selection of plasmid- 
carrying cells is made by plating out the transformation 
batch on kanamycin (50 mg/1) -containing LB agar with X-Gal 

30 (64 mg/1) . 

The plasmid obtained is checked by means of restriction 
cleavage, after isolation of the DNA, and identified in 
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agarose gel. The resulting plasmid is called pCRII- 
T0P0glu2 . 

The plasmid pCRII-T0P0glu2 is cleaved with the restriction 
enzymes EcoRI and Sail (Amersham- Pharmacia, Freiburg, 
5 Germany) and after separation in an agarose gel (0.8%) with 
the aid of the QIAquick Gel Extraction Kit (Qiagen, Hilden, 
Germany) the gluB fragment of approx. 3.7 ]cb is isolated 
from the agarose gel and employed for ligation with the 
mobilizable cloning vector pKlSmobsacB described by Schafer 

10 et al. (Gene 14, 69-73 (1994)). This is cleaved beforehand 
with the restriction enzymes EcoRI and Sail and 
dephosphorylated with alkaline phosphatase (Alkaline 
Phosphatase, Boehringer Mannheim) , mixed with the gluB 
fragment of approx. 3.7 kb, and the mixture is treated with 

15 T4 DNA Ligase (Amer sham- Pharmacia, Freiburg, Germany) . 

The E. coli Strain DH5a (Grant et al.; Proceedings of the 
National Academy of Sciences USA, 87 (1990) 4645-4649) is 
then transformed with the ligation batch (Hanahan, In. DNA 
Cloning. A Practical Approach. Vol. 1, ILR- Press, Cold 
20 Spring Harbor, New York, 1989) • Selection of plasmid- 

carrying cells is made by plating out the transformation 
batch on LB agar (Sambrook et al.. Molecular Cloning: A 
Laboratory Manual. 2""*^ Ed., Cold Spring Harbor, New York, 
1989), which is supplemented with 50 mg/1 kanamycin. 

25 Plasmid DNA is isolated from a transformant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and sxibsequent agarose gel 
electrophoresis. The plasmid is called pKl8mobsacBglu2 . 

As described in Example 2.1, a DNA fragment which carries 
30 the ddh gene and surrounding regions is also amplified with 
the aid of the polymerase chain reaction. On the basis of 
the sequence of the ddh gene cluster known for C. 
glutamic\im (Ishino et al., Nucleic Acids Research 15, 
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3917(1987)) (Accession Number Y00151) , the following primer 
oligonucleotides are chosen for the PGR: 

ddh_beg (SEQ ID NO: 15): 

5' CTG AAT CAA AGG COG ACA TG 3" 

5 ddh_end (SEQ ID NO: 16): 

5' TCG AGC TAA ATT AGA CGT CG 3' 

The primers shown are synthesized by MWG Biotech and the 
PGR reaction is carried out by the standard PGR method of 
Innis et al. {PGR Protocols. A Guide to Methods and 
10 Applications, 1990, Academic Press). The primers allow 

amplification of a DNA fragment of approx 1.6 kb in size, 
which carries the ddh gene. 

The amplified DNA fragment of approx. 1.6 kb in length, 
which the ddh gene, is identified by means of 
15 electrophoresis in a 0.8% agarose gel and isolated from the 
gel and purified by conventional methods (QIAquick Gel 
Extraction Kit, Qiagen, Hilden) . 

ft 

After purification, the fragment carrying the ddh gene is 
erttployed for ligation in the vector pK18mobsacBglu2 

20 described. This is partly cleaved beforehand with the 

restriction enzyme BamHI. By treatment of the vector with a 
Klenow polymerase (Amer sham- Pharmacia, Freiburg, Germany) , 
the overhangs of the cleaved ends are completed to blunt 
ends, the vector is then mixed with the DNA fragment of 

25 approx. 1.6 kb which carries the ddh gene and the mixture 
is treated with T4 DNA ligase (Amersham- Pharmacia, 
Freiburg, Germany) . By using Vent Polymerase (New England 
Biolabs, Frankfurt, Germany) for the PGR reaction, a ddh- 
carrying DNA fragment which has blunt ends and is suitable 

30 for ligation in the pretreated vector pKl8mobsacBglu2 is 
generated . 

The E. coli strain DHSoimcr (Life Technologies GmbH, 
Karlsruhe, Germany) is then transformed with the ligation 
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batch (Hanahan, In: DNA Cloning. A Practical Approach. Vol, 
1, ILR- Press, Cold Spring Harbor, New York, 1989). 
Selection of plasmid-carrying cells is made by plating out 
the transformation batch on LB agar (Sambrook et al,, 
5 Molecular Cloning: A Laboratory Manual. 2^^ Ed., Cold 

Spring Harbor, New York, 1989), which was supplemented with 
50 mg/1 kanamycin. 

Plasmid DNA is isolated from a trans formant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
10 restriction cleavage and subsequent agarose gel 

electrophoresis. The plasmid is called pKl8mobsacBglu2_l. A 
map of the plasmid is shown in Figure 4 . 

2.2 Incorporation of a second copy of the ddh gene into 

the chromosome {target site: gluB gene) of the strain 
15 DSM12866 by means of the replacement vector 

pK18mobsacBglu2_l 

As described in Example 1.3, the plasmid pKl8mobsacBglu2_l 
described in Example 2.1 is transferred into the C. 
glutamicum strain DSM12866 by conjugation. Selection is 

20 inade for targeted recombination events in the chromosome of 
C. glutamicum DSM12866 as described in Example 1.3. 
Depending on the position of the second recombination 
event, after the excision the second copy of the ddh gene 
manifests itself in the chromosome at the gluB locus, or 

25 the original glixB locus of the host remains. 

Approximately 40 to 50 colonies are tested for the 
phenotype "growth in the presence of sucrose" and "non- 
growth in the presence of kanamycin" . Approximately 20 
colonies which show the phenotype "growth in the presence 
30 of sucrose" and "non-growth in the presence of kanamycin" 
are investigated with the aid of the polymerase chain 
reaction. A DNA fragment which carries the glu region 
described is amplified here from the chromosomal DNA of the 
colonies. The same primer oligonucleotides as are described 



wo 03/040373 



78 



PCT/EP02/08464 



in Example 2.1 for the construction of the replacement 
plasmid are chosen for the PGR. 

gl\iA_beg (SEQ ID NO: 13) : 

5^ CAC GGT TGC TCA TTG TAT CC 3" 

5 gl\iD_end (SEQ ID NO: 14) : 

5^ CGA GGC GAA TCA GAC TTC TT 3' 

The primers allow amplification of a DNA fragment approx. 
4.4 kb in size in control clones with the original glu 
locus. In clones with a second copy of the ddh gene in the 
10 chromosome at the gluB locus, DNA fragments with a size of 
approx. 6 kb are amplified. 

The amplified DNA fragments are identified by means of 
electrophoresis in a 0.8% agarose gel. 

A cione which, in addition to the copy present at the ddh 
15 locus, has a second copy of the ddh gene at the gluB locus 
in the chromosome was identified in this manner. This clone 
was called strain DSM12866glu: :ddh. 

Example 3 

Incorporation of a second copy of the dapA gene into the 
20 chromosome (target site: aecD gene) of the strain DSM12866 

3.1 Construction of the replacement vector 
pKl8mobsacBaecD2_l 

The Corynebacterivim glutamicum strain ATCC13032 is used as 
the donor for the chromosomal DNA. From the strain 

25 ATCC13032, chromosomal DNA is isolated using the 

conventional methods (Eikmanns.et al.. Microbiology 140: 
1817 - 1828 (1994)). With the aid of the polymerase chain 
reaction, a DNA fragment which carries the aecD gene and 
surroimding regions is amplified. On the basis of the . 

30 sequence of the aecD gene known for C. glutamicum (Rossol 
et al., Journal of Bacteriology 174:2968-2977 (1992)) 
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(Accession Number M89931) , the following primer 
oligonucleotides are chosen for the PGR: 

aecD_beg (SEQ ID NO: 11): 

5" GAA CTT ACG CCA AGC TGT TC 3" 

aecD_end (SEQ ID NO: 12) : 

5^ AGC ACC ACA ATC AAC GTG AG 3" 

The primers shown are synthesized by MWG Biotech and the 
PGR reaction is carried out by the standard PGR method of 
Innis et al. (PGR Protocols. A Guide to Methods and 
Applications, 1990, Academic Press) . The primers allow 
amplification of a DNA fragment of approx 2.1 kb in size, 
which carries the aecD gene and adjacent regions. 

The amplified DNA fragment of approx. 2.1 kb in length is 
identified by means of electrophoresis in a 0.8% agarose 
gel and isolated from the gel and purified by conventional 
methods {QIAguxck Gel Extraction Kit, Qiagen, Hilden) . 

The DNA fragment purified is cleaved with the restriction 
enzyme Bglll and EcoRV (Amersham Pharmacia, Freiburg, 
Germany) . The ligation of the fragment in the vector pUG18 
then takes place (Norrander et al., Gene 26:101-106 
(1983)). This is cleaved beforehand with the restriction 
enzymes BamHI and Smal and dephosphorylated, mixed with the 
aecD-carrying fragment of approx. 1.5 kb, and the mixture 
is treated with T4 DNA Ligase (Amersham- Pharmacia, 
Freiburg, Germany) . The ligation batch is transformed in 
the E. coli strain TOPIO (Invitrogen, Leek, The 
Netherlands). Selection of plasmid-carrying cells is made 
by plating out the transformation batch on kanamycin 
(50 mg/1) -containing LB agar with X-Gal (64 mg/1) . 

The plasmid obtained is checked by means of restriction 
cleavage, after isolation of the DNA,\and identified in 
agarose gel. The resulting plasmid is called pUClSaecD. 
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With the aid of the polymerase chain reaction, a further 
DNA fragment which carries the dapA gene and surrounding 
regions is amplified. On the basis of the sequence of the 
dapA gene kno^^i for C. glutamicijm (Bonassi et al., Nucleic 
5 Acids Research 18:6421 (1990)) (Accession Number X53993 and 
AX127149), the following primer oligonucleotides are chosen 
for the PGR: 

dapA_beg (SEQ ID NO: 17) : 

5' CGA GCC AGT GAA CAT GCA GA 3" 

10 dapA^end (SEQ ID NO: 18): 

5" CTT GAG CAC CTT GCG CAG CA 3' 

The primers shown are synthesized by MWG Biotech and the 
PGR reaction is carried out by the standard PGR method of 
Innis et al. (PGR Protocols. A Guide to Methods and 
15 Applications, 1990, Academic Press). The primers allow 

amplification of a DNA fragment of approx. 1.4 kb in size, 
which carries the dapA gene and adjacent regions. 

The amplified DNA fragment of approx. 1.4 kb in length is 
identified by means of electrophoresis in a 0.8% agarose 
20 gel and isolated from the gel and purified by conventional 
methods (QIAguick Gel Extraction Kit, Qiagen, Hilden) . 

After purification, the dapA-containing DNA fragment 
approx. 1.4 kb in length is employed for ligation with the 
vector pUGlSaecD described above. This is cleaved 
25 beforehand with the restriction enzyme StuI, mixed with the 
DNA fragment of approx. 1.4 kb, and the mixture is treated 
with T4 DNA Ligase (Amer sham- Pharmacia, Freiburg, Germany) . 

The E. coli strain DHSotmcr (Life Technologies GmbH, 
Karlsruhe, Germany) is then transformed with the ligation 
30 batch (Hanahan, In: DNA Gloning. A Practical Approach. Vol. 
1, ILR- Press, Gold Spring Harbor, New York, 1989). 
Selection of plasinid- carrying cells is made by plating out 
the transformation batch on LB agar (Sambrook et al.. 
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Molecular Cloning: A Laboratory Manual. 2"^^ Ed., Cold 
Spring Harbor, New York, 1989), which was supplemented with 
50 mg/1 kanamycin. 

Plasmid DNA is isolated from a transformant with the aid of 
5 the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and subsequent agarose gel 
electrophoresis. The plasmid is called pUC18aecD2. 

The plasmid pUC18aecD2 is cleaved with the restriction 
enzyme Sail and partly with EcoRI (Amer sham- Pharmacia, 
Freiburg, Germany) and after separation in an agarose, gel 
(0.8%) with the aid of the QIAquick Gel Extraction Kit 
(Qiagen, Hilden, Germany) the fragment of approx. 2.7 kb 
which carries aecD and dapA is isolated from the agarose 
gel and employed for ligation with the mobilizable cloning 
vector pKlSmobsacB described by Schafer et al. (Gene 14: 
69-73 (1994)). This is cleaved beforehand with the 
restriction enzymes EcoRI and with Sail and 
dephosphorylated with alkaline phosphatase (Alkaline 
Phosphatase, Boehringer Mannheim) , mixed with the fragment 
of approx. 2.7 kb which carries aecD and dapA, and the 
mixture is treated with T4 DNA Ligase (Amer sham- Pharmacia, 
Freiburg, Germany) . 

The E. coli strain DH5a (Grant et al.; Proceedings of the 
National Academy of Sciences USA, 87 (1990) 4645.-4649) is 
25 then transformed with the ligation batch (Hanahan, In. DNA 
Cloning. A Practical Approach. Vol. 1, ILR- Press, Cold 
Spring Harbor, New York, 1989). Selection of plasmid- 
carrying cells is made by plating out the transformation 
batch on LB agar (Sambrook et al.. Molecular Cloning: A 
30 Laboratory Manual. 2""^ Ed., Cold Spring Harbor, New York, 
1989) , which is supplemented with 50 mg/1 kanamycin. 

Plasmid. DNA is isolated from a transfonnant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and subsequent agarose gel 
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electrophoresis. The plasmid is called pKl8inobsacBaecD2_l . 
A map of the plasmid is shown in Figure 5. 

3.2 Incorporation of a second copy of the dapA gene into 
the chromosome (target site: aecD gene) of the strain 
5 DSM12866 by means of the replacement vector 

pKl 8mobsacBaecD2_l 

As described in Example 1.3, the plasmid pKl8mobsacBaecD2_l 
described in Example 3.1 is transferred into the C. 
glutamicum strain DSM12866 by conjugation. Selection is 

10 made for targeted recombination events in the chromosome of 
C. glutamicum DSM12866 as described in Example 1.3. 
Depending on the position of the second recombination 
event, after the excision the second copy of the dapA gene 
manifests itself in the chromosome at the aecD locus, or 

15 the original aecD locus of the host remains. 

Approximately 40 to 50 colonies are tested for the 
phenotype "growth in the presence of sucrose" and "non- 
growth in the presence of kanamycin" . Approximately 20 
colonies which show the phenotype "growth in the presence 

20 of sucrose" and "non- growth in the presence of kanamycin" 
are investigated with the aid of the polymerase chain 
reaction. A DMA fragment which carries the aecD gene and • 
surrounding regions is amplified here from the chromosomal 
DNA of the colonies. The same primer oligonucleotides as 

25 are described in Exaniple 3.1 for the construction of the 
integration plasmid are chosen for the PGR. 

aecDjDeg {SEQ ID NO: 11): 

5" GAA CTT ACG CCA AGC TGT TC 3' 

aecD_end (SEQ ID NO: 12) : 
30 5' AGC ACC ACA ATC AAC GTG AG 3' 

The primers allow amplification of a DNA fragment approx. 
2.1 kb in size in control clones with the original aecD 
locus. In clones with a second copy of the dapA gene in the 
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chromosome at the aecD locus, DNA fragments with a size of 
approx. 3.6 kb are amplified. 

The amplified DNA fragments are identified by means of 
electrophoresis in a 0.8% agarose gel. 

5 A clone which, in addition to the copy present at the dapA 
locus, has a second copy of the dapA gene at the aecD locus 
in the chromosome was identified in this manner. This clone 
was called strain DSM12866aecD: rdapA. 

Example 4 

10 Incorporation of a second copy of the pyc gene in the form 
of the pyc allele pycP458S into the chromosome (target 
site: pck gene) of the strain DSM12866 

4.1 Construction of the replacement vector 
pKl 8mobsacBpckl_3 

15 The replacement vector pKlSmobsacBpckl described in 

Example 1.5 is used as the base vector for insertion of the 
pyc allele. 

As described in Example 2.1, a DNA fragment which carries 
the pyc gene and surrounding regions is also amplified with 
20 the aid of the polymerase chain reaction. On the basis of 
the sequence of the pyc gene cluster known for C. 
glutamiciom (Peters-Wendisch et al.. Journal of Microbiology 
144: 915-927 (1998)) (Accession Number Y09 548) , the 
following primer oligonucleotides are chosen for the PGR: 

25 pyc_beg (SEQ ID NO: 19): 

5" TC(A CGC GT)C TTG AAG TCG TGC AGG TCA G 3' 

pyc_end ( SEQ ID NO : 20): 

5" TC(A CGC GT)C GCC TCC TCC ATG AGG AAG A 3" 

The primers shown are synthesized by MWG Biotech and the 
30 PGR reaction is carried out by the standard PCR method of 
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Innis et al. (PGR Protocols. A Guide to Methods and 
Applications, 1990, Academic Press) • The primers allow 
amplification of a DNA fragment of approx 3,6 kb in size, 
which carries the pyc gene. The primers moreover contain 
5 the sequence for the cleavage site of the restriction 
endonuclease Mlul, which is marked by parentheses in the 
nucleotide sequence shown above. 

The amplified DNA fragment of approx. 3.6 kb in length, 
which carries the pyc gene, is cleaved with the restriction 
10 endonuclease Mlul, identified by means of electrophoresis 
in a 0.8% agarose gel and isolated from the gel and 
purified by conventional methods (QIAquick Gel Extraction 
Kit, Qiagen, Hilden) . 

After purification, the fragment carrying the pyc gene is 
15 employed for ligation in the vector pKlSmobsacBpckl 

described- This is cleaved beforehand with the restriction 
enzyme BssHII , dephosphorylated with alkaline phosphatase 
(Alkaline Phosphatase, Boehringer Mannheim, Gei^nany) , mixed 
with the DNA fragment of approx. 3.5 kb which carries the 
20 pyc gene, and the mixture is treated with T4 DMA Ligase 
(Amersham- Pharmacia, Freiburg, Germany) . 

The E. coli strain DHSamcr (Life Technologies GmbH, 
Karlsruhe, Germany) is then transformed with the ligation 
batch (Hanahau, In: DNA Cloning. A Practical Approach. Vol. 

25 1, ILR- Press, Cold Spring Harbor, New York, 1989). 

Selection of plasmid-carrying cells is made by plating out 
the transformation batch on LB agar (Sambrook et al.. 
Molecular Cloning: A Laboratory Manual. 2"*^ Ed., Cold 
Spring Harbor, New York, 1989), which was supplemented with 

30 50 mg/1 kanamycin. 

Plasmid DNA is isolated from a transformant with the aid of 
the QIAprep Spin Miniprep Kit from Qiagen and checked by 
restriction cleavage and subsecjuent agarose gel 
electrophoresis. The plasmid is called pKl8mobsacBpckl_2 . \ 
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4.2 Construction of the pyc allele pyc P458S by means of 
site-specific mutagenesis of the wild- type pyc gene 

The site-directed mutagenesis is carried out with the 
QuikChange Site-Directed Mutagenesis Kit (Stratagene, La 
5 Jolla, USA) . EP-A-1108790 describes a point mutation in the 
pyc gene for C. glutaitiicum which allows improved L- lysine 
production. On the basis of the point mutation in the 
nucleotide sequence of cytosine to thymine in the pyc gene 
at position 1372, replacement in the amino acid sequence 
10 derived therefrom of proline for serine at position 458 
results. The allele is called pyc P458S. To generate the 
mutation described, the following primer oligonucleotides 
are chosen for the linear amplification: 

P458S-1 (SEQ ID NO: 21): 
15 5" GGATTCATTGCCGATCAC (TCG) CACCTCCTTCAGGCTCCA 3' 

P458S-2 (SEQ ID NO: 22): 

5'GTGGAGGAAGTCCGAGGT (CGA) GTGATCGGCAATGAATCC 3' 

The primers shown are synthesized by MWG Biotech. The codon 
for serine, which is to replace the proline at position 

20 458, is marked by parentheses in the nucleotide sequence 
shown above. The plasmid pK18mobsacBpckl_2 described in 
Example 4.1 is employed with the two primers, which are 
each complementary to a strand of the plasmid, for linear 
amplification by means of Pfu Turbo DNA polymerase. By this 

25 lengthening of the primers, a mutated plasmid with broken 
circular strands is formed. The product of the linear 
amplification is treated with Dpnl - this endonuclease 
cleaves the methylated and half -methylated template DNA 
specifically. The newly synthesized broken, mutated vector 

30 DNA is transformed in the E. coli strain XLl Blue (Bullock, 
Fernandez and Short, BioTechniques (5) 376-379 (1987)). 
After the transformation, the XLl Blue cells repair the 
breaks in the mutated plasmids. Selection of the 
trans formants was carried out on LB medium with kanamycin 
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50 mg/1. The plasmid obtained is checked by means of 
restriction cleavage, after isolation of the DNA, and 
identified in agarose gel. The DNA sequence of the mutated 
DNA fragment is checked by sequencing. The sequence of the 
5 PGR product coincides with the sequence described Ohnishi 
et al. (2002). The resulting plasmid is called 
pK18mobsacBpckl_3 . A map of the plasmid is shown in 
Figure 6. 

4.3 Incorporation of a second copy of the pyc gene in the 
10 form of the pyc allele pycP458S into the chromosome 

(target site pck gene) of the strain DSM12866 by 
means of the replacement vector pkl8mobsacBpckl„3 

The plasmid pKl8mobsacBpckl_3 described in Example 4.2 is 
transferred as described in Example 1.3 into the C. 

15 glutamicum strain DSM12866 by conjugation. Selection is 

made for targeted recombination events in the chromosome of 
C. glutamicum DSM12866 as described in Example 1.3. 
Depending on the position of the second recombination 
event, after the excision the second copy of the pyc allele 

20 manifests itself in the chromosome at the pck locus, or the 
original pck locus of the host remains . 

Approximately 40 to 50 colonies are tested for the 
phenotype "growth in the presence of sucrose" and "non-- 
growth in the presence of kanamycin" . Approximately 20 

25 colonies which show the phenotype "growth in the presence 
of sucrose" and "non-growth in the presence of kanamycin" 
are investigated with the aid of the polymerase chain 
reaction. A DNA fragment which carries the pck gene and 
surrounding regions is amplified here from the chromosomal 

30 DNA of the colonies. The same primer oligonucleotides as 
are described in Example 1.5 for the construction of the 
replacement plasmid are chosen for the PGR. 

pck_beg (SEQ ID NO: 9) : 

5^ TA(A GAT CT) G CCG GCA TGA CTT GAG TTT 3^ 
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pck^end (SEQ ID NO: 10) : 

5' AC (A GAT CT) G GTG GGA GCC TTT CTT GTT ATT3" 

The primers a.llow amplification of a DNA fragment approx. 
2.9 kb in size in control clones with the original pck 
locus. In clones with a second copy of the pyc allele in 
the chromosome at the pck locus, DNA fragments with a size 
of approx. 6.5 kb are amplified. 

The amplified DNA fragments are identified by means of 
electrophoresis in a 0.8% agarose gel. 

A clone which, in addition to the copy of the wild- type 
gene present at the pyc locus, has a second copy of the pyc 
gene in the form of the pyc allele pycP458S at the pck 
locus in the chromosome was identified in this manner. This 
clone was called strain DSM12866pck: :pyc. 

Example 5 

Preparation of Lysine 

The C. glutamicum strains DSMl3994glu: :lysC, 
DSM12866glu: rlysC, DSM12866pck: :lysC, DSM12866aecD: :lysC, 
DSM12866glu: :ddh, DSMl2866aecD: :dapA and DSM12866pck: :pyc 
obtained in Example 1, 2, 3 and 4 are cultured in a 
nutrient mediun suitable for the production of lysine and 
the lysine content in the culture supernatant was 
determined . 

For this, the cultures are first incxibated on a brain-heart 
agar plate (Merck, Darmstadt, Germany) for 24 hours at 
33 aC- Starting from this agar plate culture, a preculture 
is seeded (10 ml medium in a 100 ml conical flask) . The 
medium MM is used as the medium for the preculture. The 
preculture is incubated for 24 hours at 33^0 at 240 rpm on 
a shaking machine. A main culture is seeded from this 
preculture such that the initial OD (660 nm) of the main 
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cultiire is 0,1 OD, The Medium MM is also used for the main 
culture, 

Mediinn MM 

CSL 5 g/1 

« 

MOPS 20 g/1 

Glucose (autoclaved separately) 50 g/1 
Salts: 

(NH4)2S04 25 g/1 

KH2PO4 0.1 g/1 

MgS04 * 7 H2O 1.0 g/1 

CaCl2 * 2 H2O 10 mg/1 

FeS04 * 7 H2O 10 mg/1 

MnS04 * H2O 5.0 mg/1 

Biotin (sterile-filtered) 0.3 mg/1 
Thiamine * HCl (sterile-filtered) 0.2 mg/1 

CaCOs 25 g/1 

The CSL (corn steep liquor) , MOPS 
5 (morpholinopropanesulf onic acid) and the salt solution are 
brought to pH 7 with aqueous ammonia and autoclaved. The 
sterile s-ubstrate and vitamin solutions, as well as the 
CaCOa autoclaved in the dry state, are then added. 

Culturing is carried out in a 10 ml volume in a 100 ml 
10 conical flask with baffles. Culturing is carried out at 
33 ^C and 80% atmospheric humidity. 
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After 48 hours, the OD is determined at a measurement 
wavelength of 660 nm with a Biomek 1000 (Beckmann 
Instruments GmbH, Munich) . The amount of lysine formed is 
determined wich an amino acid analyzer from Eppendorf- 
5 BioTronik (Hamburg, Germany) by ion exchange chromatography 
and post-column derivation with ninhydrin detection. 

The result of the experiment is shown in Table 10. 
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Table 10 



Strain 


OD 
(660 nm) 


Lysine HCl 

g/1 


DSM13994 


12.0 


19.1 


DSMl3994glu: :lysC 


9.9 


20.0 


DSM12866 


12.5 


14.9 


DSM15039 


11.4 


16.2 


DSMl2866pck: : lysC 


12.6 


16.5 


DSMl2866aecD: :lysC 


12.0 


15.9 


DSM12866glu: :ddli 


11.0 


15.5 


DSMl2856aecD: :dapA 


11.1 


16.2 


DSMl2866pck: :pyc 


10.9 


16.9 



Brief Description of the Figures: 

5 The base pair niunbers stated are approximate values 

obtained in the context of reproducibility of measurements. 

Figure 1: Map of the plasmid pKl8mobsacBglul_l . 

The abbreviations and designations used have the following 
meaning : 

KanR: Kanamycin resistance gene 
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Hindi I I : 



Cleavage site of the restriction enzyme 
Hindi I I 



BamHI: 



Cleavage site of the restriction enzyme 
BamHI 



lysC: 



•glxiA: 



gluB' : 



'gluB: 



gluC» 



sacB: 



RP4mob : 



lysC^®^ allele, lysC T311I 
3 ' terminal fragment of the glxiA gene 
5' terminal fragment of the gluB gene 
3 ' terminal fragment of the gluB gene 
5 * terminal fragment of the gluC gene 
sacB gene 

mob region with the replication origin for 

■ 

the transfer (oriT) 
Replication origin V 



oriV: 



Figure 2: Map of the plasmid pK18mobsacBaecDl_l. 

The abbreviations and designations used have the following 
meeming : 



KanR: 



Sail: 



Kanamycin resistance gene 

Cleavage site of the restriction enzyme Sail 



lysC 



lysC^®^ allele, lysC T311I 



aecD* : 



' aecD : 



sacB: 



RP4mob : 



5 ' terminal fragment of the aecD gene 
3 ' terminal fragment of the aecD gene 
sacB gene 

mob region with the replication origin for 
the transfer (oriT) 
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oriV: 



Replication origin V 



Figure 3: Map of the plasmid pKl8mobsacBpckl_l . 

The abbreviations and designations used have the following 
meaning : 



KanR: 



BamHI : 



Kanamycin resistance gene 

Cleavage site of the restriction enzyme 
BamHI 



lysC: 



pck' : 



*pck: 



sacB: 



RP4mob : 



lysc^^^ allele, lysC T311I 
5 ' terminal fragment of the pck gene 
3 ' terminal fragment of the pck gene 
sacB gene 

mob region with the replication origin for 
the transfer (oriT) 

Replication origin V 



oriV: 



Figure 4: Map of the plasmid pKl8mobsacBgluB2_l. 

The abbreviations and designations used have the following 
meaning : 



KanR: 



Sail 



EcoRI 



Kanamycin resistance gene 

Cleavage site of the restriction enzyme Sail 

Cleavage site of the restriction enzyme 
EcoRI 



BamHI 



Cleavage site of the restriction enzyme 
BamHI 



ddh: 



ddh gene 
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gluA 



gl\3B' : 



'glxxB: 



gluC 



gluD' : 



sacB 



RP4mob : 



oriV: 



gluA gene 

5' terminal fragment of the gluB gene 
3 * terminal fragment of the gluB gene 
gluC gene 

5 • terminal fragment of the gluD gene 
sacB gene 

mob region with the replication origin for 
the transfer (oriT) 

Replication origin V 



Figure 5: Map of the plasmid pKl8mobsacBaecD2_l . 

The abbreviations and designations used have the following 
meaining : 



KanR: 



EcoRI 



Sail: 



dap A: 



* aecD : 



sacB: 



RP4mob : 



oriV: 



Kanamycin resistance gene 

Cleavage site of the restriction enzyme 
EcoRI 

Cleavage site of the restriction enzyme Sail 
dapA gene 

5 ' terminal fragment of the aecD gene 
3 ' terminal fragment of the aecD gene 
sacB gene 

mob region with the replication origin for 
the transfer (oriT) 

Replication origin V 



Figure 6: Map of the plasmid pK18mobsacBpckl_3 
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The abbreviations and designations used have the following 



meaning ; 




KanR: 


Kanamycin resistance gene 


pyc: 


pyc allele, pyc P458S 


pck' : 


5 ' tGnnina.1 f T'aminii^nt' ri"F -hVio Y^r^lr rr^-na. 


*pck: 


3 ' terminal fragment of the pck gene 


sacB: 


sacB gene 


RP4mob : 


mob region with the replication origin for 
the transfer (oriT) 


oriV: 


Replication origin V 
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mm 

Deutsche Sammlung von 
Mlkroorganismen und 
Zelikulturen GmbH ^ 



INTERNATIONAL FORM 



DegussaAG 
Kantstr. 2 

33790 Halle (Westf.) 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUIHORHY 
ideatified at the bottom of ftus page 



L IDENTIFICATION OF THE MICROORGANISM 



IdentiGcadon referenoc given by the DEPOSITOR; 

DSM12866glu::lysC 



Accession number given by the 
l^^rERNATIONAL DEPOSITARY AUTHORnY: 



DSM 15039 



a SCIENTIHC DESCRIPTION ANIVOR PROPOSED TAXONOMIC DESIGNATION 



The (nicrooTganism ideatified under L above was accompanied by: 

( X ) a scientific description 

( X ) s pn^sed taxonomic designation 

(Marie with a cross wbett applicable). 



in. RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts the miccoorgamam identified under L above. vAudtk was received by it on 2002-06-03 
(Dale of the origioal deposit)'. 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The Diicroorgonism identified under I above was received by this International Dqjositeiy Authority on 

and a request to convert the original deposit to a deposit under die Budapest Treaty was received by it on 
for conversion). 



(date of original deposit) 
(dote of receipt of request 



V. INTERNATIONAL DEPOSITARY AUTHORTTV 



Name: DSMZ-DEUTSCHE SAMMLUNG VON 

MIKROOROANISMEN UND ZELLKULTUREN GmbH 

Address: MascheroderWeg lb 
D-38I24 Braunschweig 



Signature(s) of person(s) having the power to npiesent the 
International Dq>o5itary Authority or of authorized officialCs): 



Date: 2002-06-06 



' Where Rule 6.A (d) applies, such date is the date on which the status of international depositary authority was acquired. 
Fomi DSMZ-BP/4 (solef age) 12/2001 
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Degussa AG 
Kantstr. 2 

33790 Halle (Westf.) 



LDEPOSrrOR 


n. IDENTIFiCATION OF THE MICROORGANISM 


Name: DcgussaAG 
Kant6tr.2 

33790 Halle (Westf.) 


Accession number given by the 
INTERNATIONAL DEPOStFARY AUniORnY: 

DSM 15039 
Date of the deposit or the transfer^: 

2002-06-05 


m. viABBLmr statement 


The viability of the microorganism identified under n above was tested on 2002*06-05 
On that date, the said mioDorsBiiism was 


{j^y viable 




( )^ DO longer viable 




TV. CONDmONS UNDER WHICH THE VIABOJTY TEST HAS BEEN PERFORMED* 




V. INTERNATIONAL DEPOSITARY AUTHORrrY 


Name: DSMZ-DEUTSCHE S AMMLUNG VQN 

MDCROORGANISMEN UND ZELUCULTtmEN GmbH 


Signature(5) of pers(»i(s) having the power to represent the 
btemational Depositary AutbodQr or of authorized oifieialCs): 


Address: Mascheroder Weg 1 b 
D-38124 Braunschweig 


Date: 2002-06-06 



Indicate the date of anginal deposit or, where a new deposit or a transfer has been made, tbe most recent relevant date (date of the new deposit or date 
of the transfer). 

In the cases referred to in Rule 1 0.2(a) 00 and (iii). refer to the most recent viability test. 
Mark imth a cross die applicable box. 

Fill in if the information has been requested and if the results of the test were negative. 
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BUDAPEST TREATY ON THE INIERNATIONAL Deutsche Sammlung von 

RECOGNmON OF THE DEPOSIT OF MICROORGANISMS WBtowMnSnS^uSl 
FOR THE PURPOSES OF PATENT PROCEDURE ZelllaSuren GtSh 



INIERNATIONAL FORM 



VlABILrrY STATEMENT 
issued pursuant to Rule 1 0,2 by the 
INTERNATIONAL DEPOSITARY AUTHORirY 
identified at the bottom of diis page 
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BUDAPEST TREATY ON THE INTERNATEON AL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 




Deutsche Sammlung von 
Mlkroorganisnnen umi 
Zeilkulturen GmbH 




INTERNATIONAL FORM 



DegussaAG 
Kantstr.2 

33790 Halle (Westf.) 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7. 1 by the 
INTERNATIONAL DEPOSITARY AUTHORIFY 
identified at the bottom of this page 



I IDEimFICATION OF THE MICROORGANISM 


Uentification reference given by the DEPOSITOR: 

DHSaiphamcr/pKl 8mobsacBaecDl_l 


Accession numba given by the 1 
INTERNATIONAL DEPOSIFARY AUTHORnY: 

DSM 15040 



n. SCIEN11FIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microoi^g^isni ideotified under I. above was accompanied by: 

(x) a scientific description 

( X ) ^ proposed taxonomic designation 

(Maik witii a cross where ^plicablc). 



HL RECEIPT AND ACCEPTANCE 



This InterpationaJ Depositaiy Authoriiy accepts the microorganism identified under I. above, which was received by it on 2002-06-05 
(Date of the original dq>ostt)>. ' ^vw^ vu 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I above was received by this International Depositary Authority on 

and a request to convert the original deposit to a deposit under the Budapest Trea^ was received by it on 
for conveaion). 



(date of original dq>osit) 
(date of receipt of request 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: DSMZ-DEUTSCHE SAMMLUNO YON 

MDCROORGANISMEN UND ZELLKULTUREN GmbH 

Address: Mascberoder lb 
D-38124 Braunschweig 



Sigiiature(s) of person(s) having the power to represent the 
International Depositary Authority or of authorized official(8): 




Date: 2002-06-06 



* Where Rule 6.4 (d) appbcs, such date is the date on which the status of intematioaal depositary authoriiy was acquired. 
Form DSMZ-BP/4 (sole page) 12/2001 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNmON OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



Degussa AG 
Kantstr. 2 

33790 Halle (Westf.) 

YIABOJIY STATEMENT 
issued pursuant to Rule 1 0.2 by the 
INTERNATIONAL DEPOSITARY AUTHORrrY 
identified at the bottom of this page 



I. DEPOSITOR 


U. IDENTIFICATION OF THE MICROORGANISM 


Nams: Degussa AG 
Kantstr. 2 

33790 Halle (Westf.) 


Accession number given by the 
INTERNATIONAL DEPOSfTARY AUTHORITY: 

DSM 15040 

Date of the deposit or the transfeH : 

2002-06-05 


in. VL^ILFIY STATEMENT 


The viabiljiy of the microorganism identified under 11 above was tested on 2002-06-05 
On that date, the said nucrooigani^ was 


(x^ viable 




( f no longer viable 




IV. CONDITIONS UNDER WHICH THE VIABflJIY TEST HAS BEEN PERFORMED' 




V. INTERNATIONAL DEPOSITARY AUIHORITY 


Name: DSMZrDEUTSCHE SAMMLUNG VON 

MKKOORQANISMEN UND ZELUCULTUREN GmbH 

Address: MeschcioderWeg lb 
D-3S124 Btaun&chweig 


S}gnaciire(s) of pcrson(5) having the power to represent the 
International Depositary Authority or of authorized offidaUs): 

Date: 2002-06-06 



fodicaie the date of original deposit or, whae a new deposit or a transfer has been made, die most recent relevant date (date of the new deposit or date 
of the liBnsfcr). 

h the cases referred to in Rule 10.2(a) (ii) and (iii), refer to the most recent wibility tesU 
Mark with a cross the applicable box. 

Fill in if the infotmaiion has been requested and if the results of die test were negative. 
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Deutsche Sammlung von 
Mikroorganismen und 
ZeDkulturen GmbH 
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BUDAPEST TREATY ON THE INTERNATIONAL 
KECOONmON OF THE DEPOSIT OP MICROORGA^aSMS 
FOR THE PURPOSES OF PATENT PROCTDURE 



imERNATIONAL FORM 



Degussa AG 
Kantstr. 2 

33790 Halle/K<insebeck 


RECEIPT IN THE CASE OF AN ORIGINAL DEPOSrr 
Issued pursuant to Rule 7.1 by the 

INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this ps^e 


L IDENTIFICATION OF THE NHCROOROANISM 


Idendficatioo le&rence gWen by fhe DEPOSITOR: 

DHSalphamcr/ 
pK18niobsacBglul_l 


Accession mimber given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM 14243 


n. SCIENTIFIC DESCRIPTim AND/OR PROPOSED TAXONOMIC DESIGNATION 


The microotBanisn) identified under I. above vras accQropanicd by: 




(K) ft scientific description 

pC ) a proposed taxonomic designation 




(Mark wilfa a cross where applicable). 


« 


ni. RECEIPT AND ACCEPTANCE 


This International Depositary Authorily accepts the microorganism identified under I. above, which was received byUon 2001-04-20 
Pate of the original deposIt)^ 


IV. RECEIPT OF REQUEST FOR CONVERSION 


TTie mtcrooiganifim identified under I fibove was icoehrcd by this bucnietbnal Depositaiy Authority on (date of original deposit) 
and a request to convert the origmal deposit (o a deposit under the Budapest Treaty was received by it oa (date of receipt of request 
fill conveision). 


V, INTERNATIONAL DEPOSITARY AUTHORITY 


Name: DSMZ-DEUTSCHE SAMMLUNG VON 

MIKROORGANISMEN UND ZF.L! .KULTUREN GmbH 


SlgnatureCs) of peisonCs) having the power to represent die 
International Depositary Authority or uf authorized ofIicial(s): 


Address: Mascheioder Weg lb 
D-3BI24 Braunschweig 


Date: 2001-04-26 



^ Where Rule 6.4 (d) applies, such date b the date on which the status of intemaiional depositaiy authority was acquired. 



Fonn DaviZ^/4 (sole page) 0196 
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BUDAPEST TREATY ON THE INTERNATIONAL 
^COGNTnON OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PHOCEDIIBE 



INTERNATIONAL FORM 



Degussa AG 
Kantstr. 2 

33790 Halle/KOnsebeck 

VIABIUTY STATEMENT 
issued porsuant to Ride 102 by the 

internahonal depositary auihority 

identified at tlie bottom of this page 



I depositor 


XL identification of the microorganism 


Name: Degussa AG 
Kantstr. 2 
Addiess: 337 90 Halle/K<insebeck 


Accession number given by the 

internahonal depositary authority: 

DSM 14243 

Date of die deposit or the transfer^: 
2001-04--20 



BH. vubiltty statement 



The viability of the microufganism identified under II above was tested on' 2001-04-20 
On diat dote, the said microorganisni was 

(xy viable 

( y no longer viable 



TV, CONDrnONS under which the YIABllJTY TEST HAS BEEN PERFORMED' 



V. INTERNATIONAL DEPOSTTARY AUTHORnY 



Name: DSMZ-DEUTSCHE SAMMLUNG VON 

MIKROOROANISMEN UND ZELLECULTUREN GmbH 

Address: Mascherodcr Weg lb 
D>38124 Braunschweig 



Signature(s) of person(s) havfaig the po\ver to represent the 
IntcroationBl Deposilaiy Autbority or of authorized officialCs): 

Date: 2001-04-26 



' Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most recent retevant date (date of die new deposU or 
date of the transfer). ^ 

' In the cases referred to in Rule 1 02(8) (iQ and 0% refer to the most recent viability test 

* Mark with a cross the applicable box. 

* fill in if the information has been requested and if the results of the test were negative. 



Form DSM2-BP/9 (sole page) 0196 



wo 03/040373 



101 



PCT/EP02/08464 



10 



^at is claimed is: 

1. Corynefona bacteria which produce chemical conpounds, 
wherein these have, in addition to at least one copy, 
present at the natural site (locus), of an open reading 
frame (ORF) , gene or allele which codes for the 
synthesis of a protein or an RNA, a second, optionally 
third or fourth copy of the open reading frame (ORF) , 
gene or allele in question at a second, optionally 
third or fourth site in a form integrated into the 
chromosome, no nucleotide sequence which is capable 

of /enables episomal replication or transposition in 
microorganisms and no nucleotide sequence (s) which 
impart (s) resistance to antibiotics being present at 
the second, optionally third or fourth site, and the 
15 second, optionally third or fourth site not relating to 

open reading frames (ORF) , genes or alleles which are 
essential for the growth of the bacteria and the . 
production of the desired compound. 

2 . Corynef orm bacteria according to claim 1 which produce 
20 chemical compounds, wherein the corynef orm bacteria 

belong to the genus Corynebacterium. 

3 . Corynef orm bacteria of the genus Corynebacterium 
according to claim 2 which produce chemical compounds, 
wherein these belong to the species Corynebacterium 

25 glut ami cum. 

4. Corynef orm bacteria according to claim 1 which produce 
chemical compounds, wherein the chemical compound is a 
compoimd chosen from the group consisting of L-amino 
acids, vitamins, nucleosides and nucleotides. 

30 5. Corynef orm bacteria according to claim 1 which produce 

chemical compounds, wherein the chemical compound is 
one or more L-amino acids chosen from the group 
consisting of L-aspartic acid, L-asparagine, L- 
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threonine, L-serine, L-glutamic acid, L-glutamine, 
glycine, L-alanine, L-cysteine, L-valine, L-methionine, 
L-isoleucine, L-leucine, L-tyrosine, L-phenylalanine , 
L-histidine, L- lysine, L- tryptophan, L-proline and L- 
arginine . 

6. Coryneform bacteria according to claims 1 and 4 which 
produce chemical compounds, wherein. the L-amino acid is 
L- lysine, and these bacteria have, in addition to at 
least one copy of an open reading frame (ORF) , gene 
or allele of lysine production present at the natural 
site (locus), in each case a second, optionally third 
or fourth copy of the open reading frame (ORF) , gene or 
allele of lysine production in question at in each case 
a second, optionally third or fourth site in a form 
integrated into the chromosome - 

7. Coryneform bacteria according to claim 6 which produce 
L-lysine, wherein the coryneform bacteria belong to the 
genus Corynebacteriiam. 

8. Coryneform bacteria of the genus Corynebacterium 
according to claim 7 which produce L-lysine, wherein 
these belong to the species Corynebacterium glutamicum. 

9. Coryneform bacteria according to claim 6 which produce 
L-lysine, wherein the open reading frame (ORF) , gene or 
allele of lysine production is one or more open reading 
frame(s), one or more gene(s) or allele(s) chosen from 
the group consisting of accBC, accDA, cstA, cysD, cysE, 
cysH, cysK, cysN, cysQ, dapA, dapB, dapC, dapD, dapE, 
dapF, ddh, dps, eno, gap, gap2, gdh, gnd, lysC, lysC^^, 
lysE, msiK, opcA, oxyR, ppc, ppc^^^, pgk, pknA, pknB, 
pknD, pknG, ppsA, ptsH, ptsi, ptsM, pyc, pyc P458S, 
sigc, sigD, sigE, sigH, sigM, tal, thyA, tkt, tpi, 
zwal, 2wf and zwf A213T. 
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10. Coryneform bacteria according to claim 6 which produce 
L~ lysine, wherein the open reading frame, gene or 
allele of lysine production is one or more gene(s) or 
allele (s) chosen from the group consisting of dapA, 
5 ddh, lysC™ and pyc P458S. 

. 11. Coryneform bacteria according to claim 6 which produce 
L- lysine, wherein the open reading frame, gene or 
allele of lysine production is a lysC^^ allele which 
codes for a feed back resistant form of aspartate 
10 kinase. 

12. Coryneform bacteria according to claim 11 which produce 
L- lysine, wherein the feed back resistant form of 
aspartate kinase coded by the lysC™^ allele contains an 
amino acid sequence according to SEQ ID NO: 2, SEQ ID 

15 NO: 2 containing one or more amino acid replacements 

chosen from the group consisting of A279T, A279V, 
S301F, T308I, S301Y, G345D, R320G, T311I and S381F. 

13. Coryneform bacteria according to claim 11 which produce 
li-lysine, wherein the feed back resistant form of 

20 aspartate kinase coded by the lysC™^ allele includes an 

amino acid sequence according to SEQ ID NO: 4. 

14. Corynefoinn bacteria according to claim 11 which produce 
L- lysine, wherein the coding region of the lysC^^^ 
allele includes the nucleotide sequence of SEQ ID NO: 3. 

25 15. Coryneform bacteria according to claim 6 which produce 

L-lysine, wherein the particular second, optionally 
third or fourth site is a gene chosen from the group 
consisting of aecD, ccpAl, ccpA2, citA, citB, citE, 
fda, gluA, gluB, gluC, glxiD, luxR, luxS, lysRl, lysR2, 

30 lysR3, menE, mqo, pck, pgi and poxB. . 

16. Coryneform bacteria according to claim 6 which produce 
L-lysine, wherein the particular second, optionally 
third or fourth site is a site chosen from the group 
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consisting of intergenic regions of the chromosome, 
prophages contained in the chromosome and defective 
phages contained in the chromosome. 

17. Coryneform bacteria according to claim 15 which produce 
5 L- lysine, wherein the particular second, optionally 

third or fourth site is the aecD gene site. 

18. CorYneform bacteria according to claim 15 which produce 
L-lysine, wherein the particular second, optionally 
third or fourth site is the gluB gene site. 

10 19. Coryneform bacteria according to claim 15 which produce 

L-lysine, wherein the particular second, optionally 
third or fourth site is the pck gene site. 

20. Process for the preparation of chemical compounds by 
fermentation of coryneform bacteria, in which the 
15 following steps are carried out: 

a) fermentation of coryneform bacteria, which 
al) which have, in addition to at least one copy, 

present at the natural site (locus) , of an open 
reading frame (ORF) , gene or allele which codes 

20 for the synthesis of a protein or an RNA, a 

second, optionally third or fourth copy of this 
open reading frame (ORF) , gene or allele at a 
second, optionally third or fourth site in a form 
integrated into the chromosome, no nucleotide 

25 sequence which is capable of /enables episomal 

replication or transposition in microorganisms 
and no nucleotide sequence (s) which impart (s) 
resistance to antibiotics being present at the 
second, optionally, third or fourth site, and the 

30 second, optionally third or fourth site not 

relating to open reading frames (ORF) , genes or 
alleles which are essential for the growth of the 
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bacteria and the production of the desired 
compound, and 

a2) in which the intracellular activity of the 

corresponding protein is increased, in particular 
5 the nucleotide sequence which codes for this 

protein is over-expressed, 

c) concentration of the chemical compound (s) in the 
fermentation broth and/or in the cells of the 
bacteria, 

10 d) isolation of the chemical coiiqpound(s) , optionally 

e) with constituents from the fermentation broth 
and/or the biomass to the extent of > (greater 
than) 0 to 100 wt-%. 

21. Process according to claim 20, wherein the coryneform 
15 bacteria belong to the genus Corynebacterium. 

22. Process according to claim 20, wherein the coryneform 
bacteria of the genus Corynebacterium belong to the 
species Corynebacteriiam glutamicum. 

23. Process according to claim 20, wherein the chemical 

20 compound is a compound chosen from the group consisting 

of L-amino acids, vitamins, nucleosides and 
nucleotides . 

24. Process according to claim 20, wherein the chemical 
compound is one or more L-amino acids chosen from the 

25 group consisting of L-aspartic acid, L-aspar agine , L- 

threonine, L-serine, L-glutamic acid, L-glutamine, 
glycine, L-alanine, L-cysteine, L-valine, L-methionine, 
L-isoleucine, L-leucine, L-tyrosine, L-phenylalanine , 
L-histidine, L-lysine, L-tryptophan, L-proline and L- 

3 0 arginine . 
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25. Process according to claim 24, wherein the chemical 
compound is L- lysine. 

26. Process for the preparation of L- lysine, which 
comprises the following steps: 

a) fermentation of corynefom bacteria which have, in 
addition to at least one copy of an open reading 
frame (ORF) , gene or allele of lysine production 
present at the natural site (locus) , in each case a 
second, optionally third or fourth copy of the open 
reading frame (ORF) , gene or allele of lysine 
production in Q[uestion at in each case a second, 
optionally third or fourth site in a form integrated 
into the chromosome 

under conditions which allow expression of the said 
open reading frames (ORF) , genes or alleles 
mentioned. 

27. Process for the preparation of L-lysine according to 
claim 26, wherein the open reading frame (ORF) , gene or 
allele of lysine production is an open reading frame, a 
gene or allele chosen from the group consisting of 
accBC, accDA, cstA, cysD, cysE, cysH, cysK, cysN, cysQ, 
dapA, dapB, dapC, dapD, dapE, dapF, ddh, dps, eno, gap, 
gap2, gdh, gnd, lysC, lysC^^^, lysE, msiK, opcA, oxyR, 
ppc, ppc^^, pgk, pknA, pknB, pknD, pknG, ppsA, ptsH, 
ptsi, ptsM, pyc, pyc P458S, sigC, sigD, sigE, sigH, 
sigM, tal, thyA, tkt, tpi, zwal, zwf and zwf A213T. 

28. Process for the preparation of L-lysine according to 
claim 26, wherein the open reading frame (ORF), gene 
or allele of lysine production is a gene or allele 
chosen from the group consisting of dapA, ddh, lysC™ 
and pyc P458S. 
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29. Process for the preparation of Lr lysine according to 
claim 26, wherein the open reading frame (ORF) , gene 
or allele of lysine production is a lysC™ allele which 
codes for a feed back resistant form of aspartate 
kinase. 

30. Process for the preparation of L- lysine according to 
claim 29, wherein the feed back resistant form of 
aspartate kinase coded by the lysC^^^ allele contains an 
amino acid secjuence according to SEQ ID N0:2, SEQ ID 
NO: 2 containing one or more amino acid replacements 
chosen from the group consisting of A279T, A279V, 
S301F, T308I, S301Y, G345D, R320G, T311I and S381F. 

31. Process for the preparation of L-lysine according to 
claim 29, wherein the feed back resistant form of 
aspartate kinase coded by the lysC^^ allele includes an 
amino acid sequence according to SEQ ID N0:4. 

32. Process for the preparation of L-lysine according to 
claim 29, wherein the coding region of the lysC^®^ 
allele includes the nucleotide sequence of SEQ ID NO: 3. 

33. Process for the preparation of L-lysine according to 
claim 26, wherein the particular second, optionally 
third or fourth site is a site chosen from the group 
consisting of aecD, ccpAl, ccpA2, citA, citB, citE, fda, 
gluA, gluB, gluC, gluD, luxR, luxS, lysRl, lysR2, lysR3, 
menE, mqo, pck, pgi and poxB. 

34. Process for the preparation of L-lysine according to 
claim 26, wherein the second, optionally third or 
fourth site is the aecD gene site. 

35. Process for the preparation of L-lysine according to 
claim 26, wherein the second, optionally third or 
fourth site is the gl\iB gene site. 
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36. Process for the preparation of L-lysine according to 
claim 26, wherein the second, optionally third or 
fourth site is the pck gene site. 

37. Process for the production of coryneform bacteria which 
5 produce one or more chemical compounds, which comprises 

a) isolating the nucleotide sequence of at least one 
desired ORF, gene or allele which codes for a 
protein or an RNA, optionally including the 
expression and/or regulation signals, preferably 

10 from coryneform bacteria, 

b) providing the 5* and the 3' end of the ORF, gene or 
allele with nucleotide sequences of the target site, 

c) preferably incorporating the nucleotide sequence of 
the desired ORF, gene or allele provided with 

15 nucleotide sequences of the target site into a 

vector which does not replicate or replicates to 
only a limited extent in coryneform bacteria, 

d) transferring the nucleotide sequences according 
to b) or c) into coryneform bacteria, and 

20 e) isolating coryneform bacteria in which the 

nucleotide sequence (s) according to a) is 
incorporated at the target site, no nucleotide 
sequence (s) which is (are) capable of/enable(s) 
episomal replication or transposition in 

25 microorganisms, and no nucleotide sequence (s) which 

impart (s) resistance to antibiotics remaining at the 
target site. 

38. Plasmid pK18mobsacBglul_l shown in Figure 1 and 
deposited in the form of a pure culture of the strain 

30 E. coli DH5ocmcr/pKl8mobsacBglul„l (= DHSalpha 

mcr/pKl8mobsacBglul_l) under number DSM14243. 
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39. Plasmid pK18mobsacBaecDl_l shovni.in Figure 2 and 

deposited in the form of a pure culture of the strain 
E. coli DH5amcr/pKl8inobsacBaecDl_l {= 
DH5alphamcr/pKl8mobsacBaecDl_l) under n\jmber DSM15040 

5 40. corynebacterium glutamicum strain DSMl2866glu: rlysC 
deposited in the form of a pure culture under number 
DSM15039 . 
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Figure 1: Plasmid pKl8mobsacBglul_l 



BamHI 
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Figure 2: Plasmid pKlSmobsacBaecDl 1 
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Figure 3 ; Plasmid pK18mobsacBpckl_l 



BamHI 




BamHI 
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Figure 4: Plasmid pK18mobsacBgliaB2_l 



Sail . 
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Figure 5: Plasmid pKl8mobsacBaecD2_l 
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Figure 6: Plasmid pK18mobsacBpckl_3 
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SEQUENCE LISTING 



10 



<110> Degussa AG 

<120> Corynef orm bacteria which produce chemical conpounds I 

<130> 010301 BT 

<160> 22 



<170> Patentin version 3.1 

15 <210> 1 

<211> 1263 

<212> DNA 

<213> Corynebacterium glutamicum 

20 <220> 

<221> CDS 

<222> (1)..(1263) 

<223> lysC wild- type gene 



25 



30 



35 



45 



50 



55 



€0 



<400> 1 

gtg gcc ctg gtc gta cag aaa tat ggc ggt tec teg ctt gag agt gcg 

Met Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 
15 10 15 

gaa cgc att aga aac gtc get gaa egg ate gtt gee acc aag aag get 
Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

gga aat gat gtc gtg gtt gtc tgc tec gea atg gga gae acc acg gat 
Gly Asn Asp Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 
35 40 45 

gaa ctt eta gaa ctt gea gcg gea gtg aat ecc gtt ecg cca get egt 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 
50 55 60 

gaa atg gat atg etc ctg act get ggt gag egt att tet aac get etc 
Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg lie Ser Asn Ala Leu 
65 70 75 80 

gtc gcc atg get att gag tee ctt ggc gea gaa gcc caa tet ttc acg 
Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

ggc tet cag get ggt gtg etc acc acc gag cgc cae gga aac gea cgc 
Gly ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

att gtt gat gtc act cca ggt egt gtg egt gaa gea etc gat gag ggc 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 
115 120 125 

aag ate tgc att gtt get ggt ttc cag ggt gtt aat aaa gaa ace cgc 
Lys He Cys He Val Ala Gly Phe cin Gly Val Asn Lys Glu Thr Arg 
130 135 140 



48 



96 



144 



192 



240 



288 



336 



384 



432 
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gat gtc acc acg ttg ggt cgt ggt ggt tct gac acc act gca gtt gcg 480 
Asp val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 

150 .155 160 

ttg gca get get ttg aac get gat gtg tgt gag att tac teg gac gtt 528 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

gac ggt gtg tat acc get gac ccg cgc ate gtt cct aat gca cag aag 576 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

180 185 190 

ctg gaa aag etc age ttc gaa gaa atg etg gaa ett get get gtt ggc 624 
Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 
195 200 205 

tec aag att ttg gtg ctg cgc agt gtt gaa tac get cgt gca ttc aat 672 
Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 
210 215 220 

gtg cca ctt cgc gta cgc teg tct tat agt aat gat ccc ggc act ttg 720 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
225 230 235 240 

att gee ggc tct atg gag gat att cct gtg gaa gaa gca gtc ctt acc 768 
He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

245 250 255 

ggt gtc gca acc gac aag tec gaa gee aaa gta acc gtt ctg ggt att 816 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

260 265 270 

tec gat aag cca ggc gag get gcg aag gtt ttc cgt gcg ttg get gat 864 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 
275 280 285 

gca gaa ate aac att gac atg gtt ctg eag aac gtc tct tct gta gaa 912 
Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 
290 295 300 

gac ggc acc acc gac ate acc ttc acc tgc cct cgt tec gac ggc cgc 960 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
305 310 315 320 

cgc gcg atg gag ate ttg aag aag ctt eag gtt eag ggc aac tgg ace 1008 
Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

325 330 335 

aat gtg ctt tac gac gac cag gtc ggc aaa gtc tec etc gtg ggt get 1056 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

340 345 350 

ggc atg aag tct cac cca ggt gtt acc gca gag ttc atg gaa get ctg 1104 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 
355 360 365 

cgc gat gtc aac gtg aac ate gaa ttg att tee ace tct gag att cgt 1152 
Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 
370 375 380 
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att tec gtg ctg ate cgt gaa gat gat ctg gat get get gca egt gca 1200 
lie Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
385 390 395 400 

ttg cat gag cag ttc cag ctg ggc ggc gaa gac gaa gcc gtc gtt tat 1248 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

gca ggc acc gga cgc 1263 
Ala Gly Thr Gly Arg 

420 

<210> 2 
<211> 421 
<212> PRT 

<213> Corynebacteritun glutamicum 
<400> 2 

Met Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 
1 5 10 15 

Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

Gly Asn Asp Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 
35 40 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 
50 55 60 

Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 
115 120 125 

Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 
130 135 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala <5ln Lys 

180 185 190 

Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 
195 200 205 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 
210 215 220 
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Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
225 230 235 240 

He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 
5 245 250 255 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

260 265 270 

10 Ser Asp Lys pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

275 280 285 



15 



30 



Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 
290 295 300 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
305 310 315 320 



Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 
20 325 330 335 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

340 345 350 

25 Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

355 360 365 



Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 
370 375 380 

He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
385 390 395 400 



Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 
35 405 410 415 

Ala Gly Thr Gly Arg 

420 

40 <210> 3 

<211> 1263 
<212> DNA 

<213> Corynebacterium glutamicum 

45 <220> 

<221> CDS 

<222> (1) . . (1263) 

<223> lysC-fbr allele lysC T311I 

50 <400> 3 

gtg gcc ctg gtc gta cag aaa tat ggc ggt tec teg ctt gag agt gcg 
Met Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 
15 10 15 

55 gaa cgc att aga aae gtc get gaa egg ate gtt gcc acc aag aag get 
Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

gga aat gat gtc gtg gtt gtc tgc tec gca atg gga gac ace acg gat 
60 Gly Asn Asp Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 



48 



96 



144 
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gaa ctt eta gaa ctt gca gcg gca gtg aat ccc gtt ccg cca get cgt 192 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 
50 55 60 

5 gaa atg gat atg etc ctg act get ggt gag cgt att tot aac get etc 240 
Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

gtc gee atg get att- gag tec ctt ggc gca gaa gee caa tct ttc acg 288 
10 Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

ggc tet cag get ggt gtg etc ace ace gag cge cac gga aac gea cge 336 
Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 
15 100 105 110 

att gtt gat gtc act cca ggt cgt gtg cgt gaa gca etc gat gag ggc 384 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 
115 120 125 



20 



40 



aag ate tge att gtt get ggt tte eag ggt gtt aat aaa gaa ace cge 432 
Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 
130 135 140 



25 gat gtc ace acg ttg ggt cgt ggt ggt tet gac ace act gca gtt gcg 480 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 



ttg gea get get ttg aac get gat gtg tgt gag att tac teg gac gtt 
30 Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 



ctg gaa aag etc age ttc gaa gaa atg etg gaa ctt get get gtt ggc 
Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 
195 200 205 

tec aag att ttg gtg ctg cge agt gtt gaa tac get cgt gca ttc aat 
Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 
210 215 220 



att gee ggc tct atg gag gat att cet gtg gaa gaa gca gte ctt ace 
50 He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

245 250 255 



528 



gac ggt gtg tat ace get gac ccg egc ate gtt cet aat gea cag aag 576 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 
35 180 185 190 



624 



672 



45 gtg cca ctt cge gta cge teg tct tat agt aat gat ccc ggc act ttg 720 
Val Pro Leu Arg Val Arg Ser, Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
225 230 235 240 



768 



ggt gtc gca ace gac aag tec gaa gee aaa gta acc gtt etg ggt att 816 
Gly val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 
55 260 265 270 

tee gat aag cca ggc gag get gcg aag gtt ttc cgt gcg ttg get gat 864 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 
275 280 285 
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gca gaa ate aac att gac atg gtt ctg cag aac gtc tct tot gta gaa 912 
Ala Glu tie Asn lie Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 
290 295 300 

5 gac ggc acc acc gac ate ate ttc acc tgc cct cgt tec gac ggc cgc 960 
Asp Gly Thr Thr Asp He He Phe Thr Cys Pro Arg Ser Asp Gly Arg 
305 310 315 320 

egc geg atg gag ate ttg aag aag ctt cag gtt cag ggc aac tgg acc 1008 
10 Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

325 330 335 

aat gtg ctt tac gac gac cag gtc ggc aaa gtc tec etc gtg ggt get 1056 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 
15 340 345 350 

ggc atg aag tct cac cca ggt gtt acc gca gag ttc atg gaa get ctg 1104 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 
355 360 365 



20 



cgc gat gtc aac gtg aac ate gaa ttg att tec ace tct gag att cgt 1152 
Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 
370 375 380 



25 att tec gtg ctg ate cgt gaa gat gat ctg gat get get gca cgt gca 1200 
He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
385 390 395 400 

ttg cat gag cag ttc cag ctg ggc ggc gaa gac gaa gcc gtc gtt tat 1248 
30 Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 . 410 415 



gca ggc ace gga cgc 
Ala Gly Thr Gly Arg 
35 420 





<210> 4 














<211> 421 














<212> PRT 












40 


<213> Corynebacterixam glutamieiom 










<400> 4 














Met 


Ala Leu Val 


Val Gin 


Lys Tyr Gly Gly Ser Ser 


Leu 


Glu Ser 


Ala 


45 


1 




5 


10 




15 






Glu 


Arg He Arg 


Asn Val 


Ala Glu Arg He Val Ala 


Thr 


Lys Lys 


Ala 






20 




25 




30 




50 


Gly 


Asn Asp Val 


Val Val 


Val Cys Ser Ala Met Gly Asp Thr Thr Asp 




35 




40 


45 








Glu 


Leu Leu Glu 


Leu Ala 


Ala Ala Val Asn Pro Val 


pro 


Pro Ala 


Arg 






50 




55 60 








55 


















Glu 


Met Asp Met 


Leu Leu 


Thr Ala Gly Glu Arg He 


ser 


Asn Ala 


Leu 




65 




70 


75 






80 




Val 


Ala Met Ala 


He Glu 


Ser Leu Gly Ala Glu Ala 


Gin 


Ser Phe 


Thr 


60 






85 


90 




95 





1263 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

lie Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala hen Asp Glu Gly 
5 115 120 125 

Lys lie Cys lie Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 
130 135 140 



10 



15 



20 



25 



30 



35 



40 



45 



Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

180 185 190 

Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 
195 200 205 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 
210 215 220 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
225 230. 235 240 

He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

245 250 255 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

260 265 270 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 
275 280 285 

Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 
290 295 300 

Asp Gly Thr Thr Asp He He Phe Thr Cys Pro Arg Ser Asp Gly Arg 
305 310 315 320 

Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

325 330 335 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

340 345 350 



Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 
50 355 360 365 



55 



60 



Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 
370 375 380 

He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
385 390 395 400 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

Ala Gly Thr Gly Arg 

420 
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<210> 


5 


<211> 


28 


<212> 




<213> 


Artificial sequence 


<220> 




<221> 


mis cofeature 


<222> 


(1) . . (28) 


<223> 


Primer lysClbeg 


<400> 


5 



taggatcctc cggtgtctga ccacggtg 28 

<210> 6 

<211> 29 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> mis cofeature 

<222> (1)..(29) 

<223> Primer lysC2end 



<21Q> 7 

<211> 28 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> misc_feature 

<222> (1)..(28) 

<223> Primer gluBgll 

<400> 7 

taagatctgt gttggacgtc atggcaag 28 

<210> 8 

<211> 28 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> mis cofeature 

<222> (1)..(28) 

<223> Primer gluBgl2 



<210> 9 

<211> 27 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> mis cofeature 

<222> (1)..(27) 

<223> Prixoer pckjbeg 



<400> 6 

acggatccgc tgggaaattg cgctcttcc 



29 



<400> 8 

acagatcttg aagccaagta cggccaag 



28 
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<400> 


9 




taagatctgc cggcatgact tcagttt 


5 


<210> 


10 




<211> 


30 




<212> 


DNA 




<213> 


Artificial sequence 


10 


<220> 






<221> 


mis cofeature 




<222> 


(1) ..(30) 




<223> 


Primer pcK^end 


15 


<400> 


10 




acagatctgg tgggagcctt tcttgttatt 




<210> 


11 




<211> 


20 


20 


<212> 


DNA 



27 



30 



35 



40 



30 



<213> Coryne3>act:erii3m glutamicum 
<220> 

<221> misc_feature 

25 <222> {1)..(20) 

<223> Primer aecD_beg 



<400> 11 

gaacttacgc caagctgttc 20 

<210> 12 

<211> 20 

<212> DNA 

<213> Corynebacterium glutamicum 
<220> 

<221> misc_f eature 

<222> (1)..(20) 

<223> Primer aecD_end 

<400> 12 

agcaccacaa tcaacgtgag 20 



<210> 13 

45 <211> 20 

<212> DNA 

<213> Corynebacterixm gluteunicum 
<220> 

50 <221> misc_f eature 

<222> (1)..(20) 

<223> Primer gluA_beg 

<400> 13 

55 cacggttgct cattgtatcc ^ 20 

<210> 14 

<211> 20 

<212> DNA 

60 <213> Corynebacterium glutamiciim 
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20 



<220> 

<221> misc^feature 
<222> (1)..(20) 

<223> Primer gluD_end 

<400> 14 

cgaggcgaat cagacttctt 

<210> 15 

<211> 20 

<212> DNA 

<213> Corynebacterium glutamicum 
<220> 

<221> misc_feature 
<222> (1)..(20) 

<223> Primer ddl^beg 

<400> 15 

ctgaatcaaa ggcggacatg 20 

<210> 16 

<211> 20 

<212> DNA 

<213> Corynebacterium glutamicum 
<220> 

<221> misc_feature 

<222> {1)..(20) 

<223> Primer ddh^end 

<400> 16 

tcgagctaaa ttagacgtcg 20 

<210> 17 

<211> 20 

<212> DMA 

<213> Corynebacterium glutamicum 
<220> 

<221> iaisc_f eature 

<222> (1)..(20) 

<223> Primer dapA^eg 



<400> 17 

cgagccagtg aacatgcaga 

<210> 18 

<211> 20 

<212> DNA 

<213> Corynebacterium glutamicxmi 
<220> 

<221> mi sc_f eature 

<222> (1)..(20) 

<223> Primer dapA_end 



20 



<400> 18 

cttgagcacc ttgcgcagca 



,20 
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<210> 19 

<211> 28 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> inisc_f eature 

<222> (1)..(28) 

<223> Primer pyc_beg 

<400> 19 

tcacgcgtct tgaagtcgtg caggtcag 28 





<210> 


20 


15 


<211> 


28 




<212> 


mk 




<213> 


Artificial sequence 




<220> 




20 


<221> 


mis cofeature 




<222> 


(1) . . (28) 




<223> 


Primer pyc_end 


25 


<400> 


20 


tcacgcgtcg cctcctccat gaggaaga 




<210> 


21 




<211> 


39 




<212> 


DNA 


30 


<213> 


Corynebacterium glutamicum 



28 



<220> 

<221> misc_feature 

<222> (1)..(39) 

35 <223> Primer P458S-1 

<4Q0> 21 

ggattcattg ccgatcactc gcacctcctt caggctcca 39 

40 <210> 22 

<211> 39 

<212> DNA 

<213> Corynebacterium glutamic\am 



45 <220> 

<2 2 1> mis cofeature 

<222> (1)..(39) 

<223> Primer P458S-2 



50 



<400> 22 

gtggaggaag tccgaggtcg agtgatcggc aatgaatcc 



39 
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